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Research  presented  in  this  dissertation  concerns  the  synthesis  and  study  of 
transition  metal  complexes  which  contain  reactive  organic  molecules  such  as  strained 
alkynes,  tropynes  and  cumulenes  as  one  of  their  ligands. 

Palladium  complexes  of  cyclohepta-3,5-dien-l-yne  (2-12)  and  cyclohepta-3,6- 
dien-1-yne  (2-13)  have  been  prepared  and  converted  to  a  palladium  complex  of  tropyne 
(2-16)  by  treatment  with  triphenylcarbenium  tetrafluoroborate.  Complex  2-12  was 
characterized  by  X-ray  crystal  structure  analysis.  The  physical  and  chemical  properties  of 
these  new  complexes  have  been  investigated. 

Platinum  complexes  of  dibenzannelated  seven  membered  ring  alkynes  (3-10,  3- 
18,  3-19)  have  been  synthesized  in  good  yields  by  base  induced  dehydrobromination 
from  the  corresponding  bromoalkenes  in  the  presence  of  Pt(PPh3)3    Complex  3-10  was 

characterized  by  X-ray  diffraction  analysis.  Complex  3-10  was  shown  to  react  with 
compounds  such  as  t-butylisocyanide,  HBF4,  HBr  and  bis(dicyclohexylphosphino)ethane. 


» 


Complex  3-10  reacts  with  tetracyanoethylene  to  give  the  highly  distorted  substituted 
benzene  3-14  which  was  characterized  by  X-ray  diffraction.  Complex  3-18  reacts  with 
TCNE  to  produce  the  platinacyclopent-2-ene  3-23.  Complex  3-23  was  characterized  by 
X-ray  diffraction  analysis.  Reaction  of  3-19  with  triphenylcarbenium  tetrafluoroborate 
gives  dibenzannelated  tropyne  complex  3-24  which  can  be  converted  back  to  3-19  with 
KBEt3H.  Reaction  of  3-24  with  bis(dicyclohexylphosphino)ethane  gives  a  dimer  resulting 
from  nucleophilic  attack  of  the  phosphine  on  the  tropyne  ring  whereas  reaction  with  HBr 
gives  the  oxidative  addition  product  3-26  which  slowly  isomerizes  to  3-27. 

The  platinum  complex  of  tropyne  2-5  reacts  rapidly  with  (Ti^-p-xylene)Mo(CO)3  in 

THF-d^  solution  to  give  the  bimetallic  tropyne  complex  of  tropyne  4-9.  Reduction  of  4-9 
with  LiAl(Ot-Bu)3H  or  KBEt3H  gives  a  mixture  of  three  isomers  4-5,  4-6  and  4-10.  The 

major  isomer  (4-10)  contains  a  1,2,3,5-cycloheptatetraene  ring,  a  ring  system  that  has 
previously  been  inaccessible  either  free  or  complexed  to  a  transition  metal  by 
dehydrobromination  of  bromocycloheptatrienes.  The  structures  of  the  two  minor  isomers 
(4-5  and  4-6)  were  confirmed  by  independent  synthesis  from  2-2  and  2-3  by  reaction 
with  (Ti^-p-xylene)Mo(CO)3.  Solid  X-ray  crystal  structures  of  4-5  and  4-10  have  been 

determined.  The  physical  and  chemical  properties  of  all  new  complexes  have  been  studied. 
The  bis(triphenylphosphine)platinum  complex  of  1,2,4,6-cycloheptatetraene  1-51 
was  found  to  react  with  (Ti^-p-xylene)Mo(CO)3  to  produce  a  bimetallic,  thermally  unstable 

allene  complex  5-1.  Complex  5-1  was  shown  by  an  NOE  experiment  to  be  fluxional  at 
room  temperature  and  possible  mechanisms  of  this  fluxional  process  are  discussed. 

The  first  transition  metal  complex  of  1-silaallene  has  been  prepared  by  ^-hydrogen 
elimination  from  Cp*(PCy3)Ru(rii-Ph2C=C-SiMe2H)  (6-23).  In  contrast  to  an  analogous 
silene  complex  6-19  where  hydrogen  transfer  to  the  metal  is  complete,  the  X-ray  crystal 
structure  analysis  and  the  29Si-iH  coupling  constant  of  6-24  reveals  that  an  T|2-Si-H 
bonding  mode  is  present  in  the  complex.  .. 


CHAPTER  1 
INTRODUCTION 

Highly  reactive  and  usually  non-isolable  organic  molecules  have,  over  the  years, 
held  a  special  attraction  for  organic  chemists.  Some  of  the  more  popular  include  carbenes, 
nitrenes,  carbynes,  radicals,  antiaromatics  and  strained  ring  compounds.  ^  Representatives 
of  each  of  these  classes  of  compounds  are  shown  on  Scheme  1-1.  Because  of  their  very 
high  instability  (reasons  for  instability  vary  for  each  class  of  compounds),  their  transient 
existence  has  been  mainly  deduced  from  trapping  and  kinetic  experiments.  However,  some 
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of  these  species  have  been  successfully  generated  in  matrices  at  very  low  temperature  or  in 
the  gas  phase  at  low  pressure  which  has  permitted  them  to  be  studied  by  appropriate 
spectroscopic  techniques.  ^-^ 

Early  in  the  history  of  modem  organometallic  chemistry  scientists  discovered  that 
transition  metals  are  capable  of  stabilizing  reactive,  short-lived  organic  intermediates  by 
coordinating  them  to  the  metal  center.  A  number  of  complexes  that  contain  organic 
intermediates  such  as  carbenes,^"^  nitrenes,'*  carbynes,^  radicals,^  antiaromatics^  and 
strained  ring  molecules^"^^  were  synthesized  and  studied.  When  the  organic  intermediate  is 
coordinated  to  the  metal  center  its  reactivity  is  greatly  altered  as  compared  to  that  of  the 
parent  organic  fragment  and  as  a  result  many  complexes  with  organic  species  in  the 
coordination  sphere  have  been  isolated  at  room  temperature  and  their  solid  crystal  structures 
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have  been  determined.  The  chemistry  of  such  complexes  has  been  studied  intensively 
because  of  the  novelty  of  the  bonding  modes,  their  structural  diversity  and  their 
involvement  in  catalytic  processes.  Examples  of  transition  metal  complexes  of  some 
organic  intermediates  are  shown  in  Scheme  1-2. 

The  main  interest  in  our  laboratory  in  the  area  of  stabilization  of  reactive 
intermediates  has  been  devoted  to  the  synthesis  and  study  of  new  complexes  with  reactive 
alkynes,  arynes  and  cumulenes  in  their  coordination  sphere. 

Reactive  Alkvnes.  Arvnes  and  Cumulenes 

High  reactivity  of  strained  alkynes.'^-ii-^^  arynes'^- 12.1 3  ^^^^  carbocyclic 
cumulenes"^'!"*  arises  from  distortion  of  the  multiple  bond(s)  from  its  "normal"  bond 
length(s)  and  angles.  Such  distortion,  which  induces  severe  strain  energy  is  achieved  by 
incorporation  of  multiple  bond(s)  into  small  carbocyclic  rings.  The  smallest  cyclic  alkyne 
that  has  been  isolated  in  its  free  state  is  cyclooctyne  (1-13).  Cycloheptyne  (1-14), 
cyclohexyne  (1-15)  and  cyclopentyne  (1-16)  (Scheme  2-3)  can  only  exist  as  transients 
and  their  lifetime,  as  expected,  diminishes  with  decreasing  ring  size.^^  Structural  and 
spectroscopic  studies  show  that  severe  cw-bending  in  cyclic  alkynes  causes  the  partial 
breakage  of  the  in-plane  71-bond  as  is  evident  by  increase  in  an  alkyne  bond  lengths  with 
the  decrease  in  ring  size.  There  are  two  important  consequences  of  in-plane  bending  in 
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alkynes.  First,  the  two  alkyne  7i-bonds  become  non-degenerate  as  observed  by 
photoelectron  spectroscopy  and  second,  noticeable  lowering  of  the  alkyne  LUMO  occurs 
due  to  efficient  niixing  of  the  k*  and  o*-orbitals  as  shown  by  ab-initio  calculations,  i^  The 
latter  property  accounts  for  the  high  electrophilicity  of  small  ring  alkynes  and  benzynes. 
Benzyne  (1-17)  is  the  best  known  representative  of  a  broad  class  of  reactive  intermediates 
known  as  arynes.i2.i3  Arynes  (didehydroaromatics)  are  somewhat  similar  to  cyclic  alkynes 
because  one  of  their  resonance  forms  (A)  has  a  cyclic  alkyne-like  structure  (Scheme  1-3). 
It  is  still  not  entirely  clear  which  resonance  form,  alkyne  A  or  cumulene  B,  is  the  major 
contributor  in  benzyne.  Theoretical  calculations  indicate  that  a  biradical  is  not  the  ground 
state  of  benzyne.  This  suggestion  is  supported  by  the  experimental  observation  that  [2-1-4] 
cycloaddition  reactions  of  benzyne  are  stereospecific,  whereas  [2-)-2]  additions  are  not.  The 
strain  energy  incorporated  into  ortho-hcnzyne  (1-17)  has  been  estimated  to  be  ca.  63 
kcal/mol  explaining  the  extremely  high  reactivity  of  1-17.  ortho-Bcnzyne  reacts  with  furan 
in  a  Diels- Alder  fashion  at  temperatures  even  as  low  as  50  °K.^ 

Cumulenes  are  hydrocarbons  which  contain  consecutive  double  bonds  sharing 
common  atoms. ^^  The  first  three  members  of  this  series  are  1,2-propadiene  (1-18)  (more 
frequently    called    allene),  1,2,3-butatriene  (1-19)    and    1,2,3,4-pentatetraene  (1-20). 
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The  reactivity  of  unsubstitiuted  linear,  higher  cumulenes  is  quite  high,  for  example 
molecules  such  as  1-19  and  1-20  readily  polymerize  if  not  stored  in  dilute  solutions.  The 
smallest  cyclic  allene  that  has  been  prepared  in  its  free  state  is  1,2-cycIononadiene  (1-21). 
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Smaller  cyclic  allenes,  eight  (1-22),  seven  (1-23)  and  six  (l-24)-membered  rings  exist 
only  as  intermediates  (Scheme  1-5).!'*  To  date  there  is  no  hard  evidence  for  the  existence  of 
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a  five-membered  ring  allene  (1-25).  An  interesting  result  which  was  obtained  by  molecular 
orbital  calculations  predicts  that  the  allene  C=C=C  bond  can  be  bent  for  up  to  20°  with  only 
a  slight  increase  in  its  strain  energy  (ca.  4  kcal/mol).  However,  beyond  20°  the  bending 
potential  rises  steeply.^''  Much  less  is  known  about  cyclic  1,2,3-butatrienes  than  cyclic 
allenes.  The  nine  membered-ring  cumulene  (1-26)  is  a  relatively  stable  molecule  at  room 
temperature.  The  seven  (1-27)18  ^nd  six  (1-28)1^  membered-ring  1,2,3-butatrienes  are 
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also  known  (Scheme  1-6)  but  only  as  transient  intermediates.  The  strain  energy  in  cyclic 
cumulenes  arises  from  the  weakened  7C-bonds  resulting  from  in  plane  bending. 

The  instability  of  the  molecules  described  above  derives  from  the  ring  induced 
strain  energy.  In  certain  cases,  however,  high  reactivity  of  a  multiple  bond  is  caused  by 
factors  other  than  strain  energy.  For  example,  silaethene  (1-29)20  and  l,l-dimethyl-3- 
phenyl-3-trimethylsilyl-l-silaallene  (1-30)21  (Scheme  1-7)  are  highly  reactive  and  unstable 
organosilicon  compounds  although  these  molecules  are  not  strained.  In  this  case  instability 
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is  caused  by  a  weak  7C-bond  between  silicon  and  carbon.22  This  generality  has  been 
frequentiy  challenged  in  recent  years  with  the  preparation  of  several  stable  compounds 
containing  carbon-silicon  double  bonds.23  However,  isolation  of  compounds  with  Si=C 
bonds  at  room  temperature  is  only  possible  when  very  bulky  substituents  are  present  on 
both  the  silicon  and  the  carbon  atoms  (e.g.  l-3023c). 
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Transition  Metal  Complexes  of  Cyclic  Alkynes.  Arynes  and  Cumulenes 

Transition  metal  complexes  with  reactive  alkyne,  aryne  and  cumulene  ligands  are 
the  focus  of  the  research  presented  in  this  dissertation.  In  the  following  section  the 
bonding,  synthesis  and  reactivity  of  such  complexes  will  be  briefly  discussed. 

The  Nature  of  Bonding  between  Transition  Metals  and  Carbon-Carbon  n  Bonds 

The  bonding  interaction  of  alkynes,  arynes  and  cumulenes  with  transition  metal 
fragments  is  often  described  by  the  Dewar-Chatt-Duncanson  model24  (Scheme  1-8).  There 
are  two  components  in  this  model.  In  the  first  one  (a)  the  n  bonding  orbital  of  the  ligand 
donates  election  density  to  the  vacant  orbital(s)  (e.g.  dx2y2,  dz2,  py,  s)  of  the  transition 
metal  whereas  in  the  second  component  (b)  the  filled  orbital(s)  (e.g.  dxy,  Px)  of  the 
transition  metal  donates  electon  density  to  an  empty  k*  anti-bonding  orbital  of  the  ligand. 
Both  bonding  components  strengthen  the  metal-carbon  bond  but  simultaneously  weaken 
the  carbon-carbon   multiple  bond  as    is  evident  by  the  elongation  of  the  carbon-carbon 

Scheme  1-8 


(a) 


(b) 


K  donor 


dx2y2  acceptor 


,    ^^^^   . 


(!) 


n*  acceptor 


dxy  donor 


.9 


c — 


O 


w . 

0 

o 


M X 


8 

bond  upon  coordination  to  the  metal  center.  Acceptor/donor  properties  of  the  transition 
metals  toward  multiple  C-C  bonds  described  by  this  model  correlate  quite  well  with 
electron  affinities  and  promotion  energies  of  the  transition  metals.  In  contrast  to  cumulenes 
and  alkenes,  alkynes  have  two  orthogonal  double  bonds  which  can  be  utilized  in  bonding 
with  transition  metals.  The  alkyne  ligand  is  regarded  as  either  a  2  electron  or  a  4  electron 
donor  depending  on  whether  one  or  two  of  the  7U-bonds  interact  with  the  metal  center.  The 
chemical  shift  of  an  alkyne  carbon  in  i^c  NMR  is  sensitive  to  the  number  of  7i-electrons 
donated  by  the  alkyne  to  the  metal.  For  2e  donors  it  typically  appears  in  the  range  of  100- 
140  ppm  whereas  the  chemical  shift  for  4e  donors  falls  in  the  range  of  200-240  ppm.25 

Transition  Metal  Complexes  of  Cyclic  Alkynes 

One  of  the  most  thoroughly  studied  transition  metal  cycloalkyne  systems  is  that  of 
bis(triphenylphosphine)platinum(0).  Platinum  complexes  of  cycloheptyne  (1-35), 
cyclohexyne  (1-36)26  and  even  cyclopentyne  (1-37)^  were  successfully  made  by  alkali 
metal  reduction  of  the  corresponding  1,2-dibromocycloalkenes  in  the  presence  of 
Pt(PPh3)3  as  shown  on  scheme  1-9.  It  is  believed  that  the  first  step  of  this  reaction  involves 
coordination  of  the  dibromoalkene  to  the  R(PPh3)2  fragment  followed  by  sodium  amalgam 
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reduction  to  generate  the  cycloalkyne  at  the  platinum  center.  Complexes  1-35  and  1-36 
were  also  obtained  by  LDA  induced  dehydrobromination  from  the  corresponding  1- 
bromoalkenes  in  the  presence  of  Pt(PPh3)3.27  The  reactivity  of  platinum  complexes 
increases  dramatically  with  decrease  in  the  size  of  the  coordinated  cyclic  alkyne.  Complex 
1-35  is  quite  unreactive  whereas  1-36  reacts  with  a  variety  of  reagents  such  as  carbon 
monoxide,  ferr-butyl  isocyanide,  methyl  iodide  and  weak  acids  (H2O,  CH3OH,  CH3CN) 
all  of  which  result  in  breaking  the  metal-alkyne  bond.^^  Complex  1-37  is  the  most 
reactive,  decomposing  in  THF  or  in  CH3OH  to  give  a  biplatinum  complex  with  loss  of  a 
C5H6.  This  high  reactivity  of  complexes  of  the  smaller  cycloalkynes  (1-36,  1-37) 
indicates  that  the  coordinated  alkynes  are  still  substantially  strained.  The  palladium 
equivalent  of  1-36  has  been  synthesized  and  was  found  to  be  much  more  reactive  than  1- 
36.26  Another  transition  metal  system  that  has  been  successfully  used  for  coordination  of  a 
variety  of  organic  intermediates  is  dicyclopentadienyl  zirconium(n).9  Preparation  of  the 
cyclohexyne  zirconium  complex28  is  displayed  in  Scheme  1-10.  Reaction  of  1-38  with 
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1-lithiocyclohexene  yields  a-complex  1-39  which  decomposes  via  P-H  elimination  to 
form  methane  and  the  16  electron  complex  1-40  which,  in  turn,  can  be  trapped  with  PMes 
to  form  the  stable  cyclohexyne  complex  1-41.  The  mechanism  of  P-H  elimination  in 
zirconocene  a-complexes  such  as  1-39  is  thought  to  proceed  through  a  four-membered 
ring  transition  state.  Complex  1-41  reacts  with  a  wide  variety  of  unsaturated  organic 
compounds,  including  nitriles,  ketones,  aldehydes,  ethylene,  acyclic  alkynes  and  dienes  to 
form  oxidative  coupling  products.28  A  synthetic  approach  similar  to  that  used  for  1-41 
was  also  used  for  the  preparation  of  seven  and  eight  membered-ring  zirconocene  aUcyne 
complexes.  Five  membered-ring  alkyne  complexes  of  zirconocene  were  also  prepared^^  but 
only  after  installing  two  methyl  groups  on  the  carbon  adjacent  to  the  triple  bond  in  order  to 
facilitate  p-H  elimination. 

The  shift  in  the  stretching  frequency  in  the  IR  of  complexed  alkynes  relative  to  free 
alkynes  gives  an  approximate  estimate  of  the  extent  to  which  the  triple  bond  is  modified  by 
coordination.  The  stretching  frequency  of  the  C=C  in  free  cyclooctyne  (CgH^)  is 
2260/220630  cm-i  whereas  in  two  cyclooctyne  complexes  CuBr(C8Hi2)2°  and 
Pt(PPh3)2(C8Hi2)26.3i  the  V  (C^C)  is  2060  cm-i  and  1810  cm-i  respectively.  The  larger 
shift  in  the  platinum  complex  can  be  explained  by  the  lower  value  of  the  promotion  energy 
in  Pt(0)  (3.28  eV)32  as  compared  to  that  of  Cu(I)  (8.25  eV).  The  C=C  distance  in 
cycloalkyne  complexes  falls  in  the  range  of  1.28-130  A  which  is  significantiy  longer  than 
that  of  free  alkynes  (1.20-1.22  A)  and  implies  significant  reduction  of  triple  bond  character. 

Transition  Metal  Complexes  of  Arynes 

The  first  aryne  complexes  that  were  synthesized  were  those  of  tantalum  (1-42)  and 
niobium  (1-43)  (Scheme  1-1 1).33  The  former  complex  was  characterized  by  X-ray  crystal 
structure  analysis^^  which  revealed  noticeable  bond  alternation  in  the  benzyne  ligand. 
Benzyne  in  1-42  is  oriented  perpendicular  to  the  Cp*  ring  in  contrast  to  analogous  ethylene 
complex.  These  observations  suggest  that  both  orthogonal  7i-orbitals  in  benzyne  are 
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involved  in  bonding  with  tantalum.  Thus  benzyne  behaves  as  4  election  donor.  Both  1-42 
and  1-43  react  with  ethylene  to  form  benzometallacyclopentene  complexes.  The 
zirconocene  complex  of  benzyne  (1-44)  was  prepared  in  a  similar  way  to  the  cyclohexyne 
complex  1-41  described  above.35  The  chemistry  of  1-44  is  dominated  by  coupling 
reactions  with  unsaturated  reagents  which  include  alkenes,  alkynes,  ketones,  nitriles  and 
tungsten  hexacarbonyl.  The  crystal  structure  of  1-44  showed  that  the  bonds  in    the 
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benzyne  ring  are  the  same  length,  within  experimental  error.  The  ruthenium-benzyne 
complex  1-45  was  prepared  by  thermolysis  of  (PMe3)4RuPh2  in  ether  solution.36  The 
mechanism  of  this  reaction  is  different  from  that  of  early  transition  metals  and  involves 
initial  reversible  dissociation  of  phosphine  followed  by  oxidative  addition  of  an  ortho-C-H 
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and  finally  elimination  of  benzene.  The  chemistry  of  1-45,  however,  resembles  that  of 
early  transition  metals.  Complex  1-45  undergoes  a-bond  metathesis  with  benzene  and 
toluene  solvents,  reacts  with  weak  acids  such  as  water,  aniline,  2-propanol  and  undergoes 
coupling  reactions  with  unsaturated  organic  compounds.  The  nickel  benzyne  complex^^  l- 
46  and  very  recently  the  naphthalyne^^  1-47  complex  have  been  prepared.  Complex  1-46 
reacts  readily  with  electrophiles  such  as  iodide,  methyl  iodide  and  undergoes  insertion 
reactions  with  CO2,  ethylene  and  dimethyl  acetylenedicarboxylate.  Several  other 
mononuclear  benzyne  complexes  have  been  synthesised.^  Interesting  extensions  of 
benzyne  complexes  are  bimolecular  nickle^^  (1-48)  and  zirconium^o  (1-49)  complexes  of 
tetradehydrobenzene  (Scheme  1-12).  There  are  many  metal  cluster  complexes  of  arynes  and 
cyclic  alkynes  known.  ^ 
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Transition  Metal  Complexes  of  Cyclic  Cumulenes 

In  contrast  to  transition  complexes  of  acyclic  cumulenes'*^  there  are  only  very  few 
known  complexes  of  cyclic  cumulenes.  Platinum  complexes  of  1,2-cycloheptadiene  (1- 
51)^^2  and  1,2,4,6-cycloheptatetraene  (1-52)^*3  h^ye  been  prepared  by  trapping  reactive 
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allenes  which  were  generated  in  situ  with  Pt(PPh3)3.  One  interesting  feature  of  1-51  is  that 
it  reacts  with  another  allene  to  form  a  platinacyclopentane.  Another  example  of  a  seven- 
membered  ring  allene  complex  is  1-52  which  was  prepared  by  methoxy  abstraction  from 
dicarbonyl(Ti5-cyclopentadienyl)(Ti i-7-methoxycycloheptenyl)iron.44.45  The  carbonyl 

ligand   in  1-52  can  be  photolytically  substituted  by  triphenylphosphine  to  form  1-53.46 
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Both  complexes  show  dynamic  behavior^^  which  will  be  discussed  in  more  detail  in 
chapter  5.  Recently  seven-  (1-55)  and  six-  (1-54)  membered  ring  allene  complexes  have 
been  prepared  and  structurally  characterized.^^  Complex  1-54  is  the  first  and  the  only 
example  of  a  six-membered  ring  allene  stabilized  by  a  metal  center.  There  are  only  three 
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known  complexes  of  cyclic  1,2,3-butatrienes.  Complex  1-56  was  prepared  by  reacting 
isolated  1,2,3-cyclononatriene  with  Wilkinson's  catalyst  (PPh3)3RhCl  in  benzene 
solution.'*^  Complex  1-57  is  unique  in  that  the  seven-membered  ring  cumulene  contains 
zirconium  as  a  part  of  the  ring.49  Recently  a  six-membered  ring  butatriene  coordinated  to 
zirconium  (1-58)  was  prepared  by  a  methodology  similar  to  that  used  to  prepare 
zirconocene  benzyne  and  cycloalkyne  complexes.50 
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This  dissertation  presents  research  on  transition  metal  complexes  of  reactive 
alkynes,  arynes  and  cumulenes  is  presented.  It  includes  1)  the  preparation  and  a  study  of 
the  reactivity  of  a  palladium  tropyne  complex,  a  series  of  platinum  benzannelated  tropyne 
complexes  and  a  platinum-molybdenum  tropyne  complex;  2)  the  preparation  and  a  study  of 
platinum  complexes  of  benzannulated  seven-membered  ring  alkynes;  3)  the  synthesis  of  a 
platinum-molybdenum  complex  of  a  seven-membered  ring  1,2,3-butatriene;  4)  the 
preparation  of  the  first  transition  metal  complex  of  a  1-silaallene. 
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CHAPTER  2 
PALLADIUM  COMPLEXES  OF  CYCLOHEPTADIENYNE  AND  TROPYNE 

Introduction 

It  was  found  in  our  laboratory  that  the  product  of  dehydrobromination  of 
bromocycloheptatrienes  in  the  presence  of  Pt(PPh3)3  is  strongly  dependent  on  the  base 
used.27.43  If  K-O'Bu  is  used  as  a  base  proton  loss  from  the  sp3  carbon  takes  place  leading 
to  the  formation  of  the  platinum  complex  of  1,2,4,6-cycloheptatetraene  1-51.43  However, 
if  the  base  employed  is  LDA  (Uthium  diisopropylamide)  the  regiochemistry  of  elimination  is 
reversed  (the  P-hydrogen  is  abstracted  from  vinylic  carbons  only)  leading  to  platinum 
complexes  of  cyclohepta-3,5-dien-l-yne  (2-2)  and  cyclohepta-3,6-dien-l-yne  (2-3).27  It 
is  important  to  note  that  neither  reaction  produced  a  platinum  complex  of  1,2,3,5- 
cycloheptatetraene  2-4  (Scheme  2-1).  It  is  not  clear  why  there  is  such  a  substantial 
difference  in  the  regiochemistry  of  dehydrohalogenation  reactions  by  K-O^Bu  and  LDA. 
Complex  1-51  was  of  interest  for  two  reasons;  first,  it  is  the  only  complex  in  which  the 
seven-membered  monocyclic  C7H6  exists  in  an  allene  form  (other  known  complexes  of 
C7H6  favor  the  carbene  form)5i.52  and,    second,  it  exhibits  a  dynamic  behavior:  the 
platinum  undergoes  a  1,2-shift  between  allene  bonds,  a  process  that  was  shown  to  be 
intermolecular.51  Alkyne  complexes  2-2  and  2-3  afforded  a  unique  opportunity  to 
synthesize  a  new  type  of  aryne  complex.  Treatment  of  a  mixture  of  2-2  and  2-3  with 
triphenylcarbenium  tetrafluoroborate  generated  a  complex  of  tropyne  2-5,  a  tropylium 
equivalent  of  orr/zo-benzyne  (Scheme  2-2).53  Complex  2-5  was  of  special  interest  because 
it  was  the  first  known  example  of  a  tropyne  molecule  (which  is  unknown  in  the  free  state). 
It  was  found  that  the  chemical  shift  of  protons  that  were  not  bonded  to  the  platinum  atom  in 
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2-5  are  shifted  to  a  higher  field  than  those  of  the  tropylium  ion.  This  upfield  shift  was 
attributed  to  possible  electron  donation  from  the  platinum  atom  to  a  symmetry  allowed 
LUMO  of  the  tropyne  7i-system.  Complex  2-5  is  air-stable  at  room  temperature  and  its 
reactivity  is  rather  moderate.  It  does  not  react  with  acetone,  methanol  or  acetonitrile; 
however,  it  reacts  with  strong  acids  such  as  HBr  and  HCl  to  form  platinum(II) 
cycloheptatrienylidene  complexes.  Complex  2-5  can  be  reduced  with  KBEtsH  to  produce 
a  mixture  of  2-2  and  2-3  although  this  reaction  is  not  clean.  A  zirconium  complex  of 
tropyne  (2-9)  was  also  prepared  by  the  same  method  as  that  of  the  platinum  analog 
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(Scheme  2-3)  .54  Complex  2-9  is  very  thermally  unstable  and  could  only  be  observed  at 
-78  oC  by  NMR  spectroscopy.  The  high  instability  of  2-9  hindered  funher  reactivity 
study.  To  further  explore  this  kind  of  chemistry,  we  undertook  the  preparation  of  the 
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palladium  equivalent  of  platinum  allene  complex  1-51  primarily  because  it  was  interesting 
to  us  to  compare  how  a  change  in  the  metal  from  platinum  to  palladium  would  alter  the 
fluxional  behavior  in  1-51  (the  rate  and  mechanism  of  fluxionality)  and  its  reactivity.  We 
also  planned  to  prepare  a  palladium  tropyne  complex  because  we  reasoned  that  such  a 
complex  should  be  more  reactive  than  its  platinum  analog  2-5  but  less  reactive  than 
zirconium  tropyne  complex  2-9,  therefore  providing  an  opportunity  to  explore  possible 
new  and  interesting  reactions  of  the  tropyne  ligand.  ; 

Attempted  vSvnthesis  of  a  Palladium  Complex  of  1  ■2.4.6-Cvcloheptatetraene  ('2-Tl') 

The  approach  attempted  for  the  synthesis  of  a  palladium  complex  of  1,2,4,6- 
cycloheptatetraene  was  the  same  as  that  for  its  platinum  counterpart  1-51.  To  a  mixture  of 
tris(triphenylphosphine)palladium(0)  and  K-O'Bu  in  THF  was  added  a  mixture  of  three 
isomers  of  bromocycloheptatrienes  (2-1)  at  room  temperature.  After  1  h,  addition  of 
hexane  caused  precipitation  of  a  yellow  compound  which  turned  out  to  be  the  palladium 
starting  material.  No  evidence  for  the  formation  of  the  desired  allene  complex  2-11  was 
obtained;  the  only  organic  compound  that  was  identified  in  the  filtrate  was  heptafulvalene 
(2-10)  (Scheme  2-4).  Heptafulvalene  is  a  known  product  of  K-O'Bu  induced 
dehydrobromination  of  2-1.^5  These  observations  indicate  that  either  the  reactive  allene 
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formed  during  the  reaction  of  2-1  with  K-CBu  does  not  react  with  Pd(PPh3)3,  but  instead 

dimerizes  to  give  2-10  or  it  reacts,  presumably  to  give  the  palladium  allene  complex  2-11 

which  rapidly  dissociates  at  room  temperature  releasing  allene  from  the  palladium 

coordination  sphere  to  form  2-11.  This  failure  to  form  2-11  is  somewhat  surprising, 

especially  in  the  view  of  fact  that  the  same  reaction  witii  LDA  instead  of  K-O^Bu  generates 

the  two  expected  palladium  cycloheptadienyne  complexes  (2-12  and  2-13). 

Synthesis  of  Palladium  Complexes  of  Cvclohepta-3.5-dien-l-vne  (2-12)  and  Cvclohenfa- 

3.6-dien-l-vne  (2.^^^. 

Complexes  2-12  and  2-13  were  prepared  in  an  analogous  way  to  the  platinum 
counterparts  with  a  modification  in  the  workup  procedure.  Addition  of  a  mixture  of  bromo- 
cycloheptatrienes  2-1  to  a  mixture  of  Pd(PPh3)3  and  LDA  in  THF  at  room  temperature 
followed  by  workup  and  crystalhzation  afforded  a  mixture  of  palladium  cycloheptadienyne 
complexes  2-12  and  2-13  in  a  ratio  of  ca.  7:1  in  52%  yield.  New  complexes  were 

Scheme  2-5 


characterized  by  multinuclear  spectroscopy,  HRMS,  IR,  elemental  analysis  and  in  the  case 
of  2-12  by  single  crystal  X-ray  analysis.  The  ^H  NMR  of  the  mixture  of  2-12  and  2-13 
displays  clearly  the  protons  attached  to  the  sp3  carbon  of  the  seven-membered  ring  as  a 
doublet  at  5  3.67  ppm  (H5)  for  2-12  and  a  triplet  at  5  2.6  ppm  (H3')  for  2-13  (Figure  2- 
1).  Full  proton  assignment    of  each  isomer  was  accomplished  based  on  a  2D  cosy 
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experiment.  Even  more  informative  is  the  3ip{iH}  NMR  which  exhibits  two  doublets  at  5 
31.20  and  30.77  ppm  (2jp.p  =  4.6  Hz)  and  a  singlet  at  5  31.52  ppm   as  expected  for 
complexes  with  Ci  (2-12)  and  Cs  (2-13)  symmetry,  respectively.  The  IR  spectrum  of  the 
mixture  shows  a  medium  size  peak  at  1769  cm-i  which  is  assigned  to  the  coordinated  triple 
bond  of  2-12.  The  corresponding  peak  in  the  platinum  analog  2-2  appears  at  1712  cm-i. 
The  significantly  lower  value  for  the  stretching  frequency  of  the  coordinated  triple  bond  in 
the  platinum  complex  might  reflect  a  stronger  bond  between  the  platinum  and  the  alkyne 
ligand.  A  similar  trend  in  stretching  frequencies  is  seen  in  palladium  and  platinum 
complexes  of  cyclohexyne  (Pd  vs.  Ft :  1780  vs.  1721  cm-i)  and  cycloheptyne  (Pd  vs.  Pt : 
1848  vs.  1770  cm-i).26  it  has  also  been  found  that  the  stretching  frequency  in  platinum  and 
palladium  cycloalkyne  complexes  decreases  with  an  increase  in  ring  strain.^  It  is  therefore 
interesting  to  note  that  the  v  (C=C)  in  2-12  (1769  cm-i)  is  slightly  lower  than  that  of  the 
palladium  cyclohexyne  complex  (1780  cm-i)  although  the  cylcoheptadienyne  complex  is 
certainly  less  strained  than  its  cyclohexyne  counterpart  (the  strain  energies  calculated  by 
MMX  for  cycloheptadienyne  and  cyclohexyne  are  22.52  and  28.66  kcal/mol  respectively). 
Probably,  the  low  value  of  v  (OC)  in  2-12  is  due  to  conjugation  of  the  two  double  bonds 
in  the  ring  with  the  triple  bond.  The  stretching  fi-equency  v  (C=C)  in  2-12  is  considerably 
lower  than  that  of  the  corresponding  palladium  cycloheptyne  complex  (1848  cm-i)  which, 
presumably,  reflects  both  greater  ring  strain  in  cycloheptadienyne  relative  to  cycloheptyne 
(MMX  calculations  indicate  that  cycloheptadienyne  is  ca.  5  kcal/mol  more  strained  than 
cycloheptyne)  and  the  conjugation  with  the  triple  bond.  Since  no  palladium  complex 
containing  a  strained  organic  carbocyclic  ligand  had  previously  been  structurally 
characterized,  an  X-ray  single  crystal  analysis  was  canied  out  on  2-12. 

X-Rav  Crystal  Structure  Analysis  of  2-12 

Complex  2-12  was  crystallized  from  a  toluene/hexane  mixture  at  -16  ^C.  It 
crystallizes  in  a  monoclinic  P  2i/c  space  group.  The  structure  of  2-12  is  isomorphic  to  that 
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Figure  2-2.    Thermal  ellipsoid  drawing  of  complex  2-12. 
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Table  2-1.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  2-12. 

Bond  Lengths  (A) 


Pd  PI 

2.305(1) 

Pd  P2 

f  ' 

2.313(1) 

Pd  CI 

2.031(4) 

Pd— C2 

2.039(4) 

PI  C21 

1.834(4) 

P2  C51 

1.832(3) 

PI  C31 

1.838(4) 

P2  C61 

1.827(4) 

PI— C41 

1.826(4) 

P2  C71 

1.833(4) 

CI  C2 

1.258(6) 

C2— C3 

1.438(8) 

C3— C4 

1.364(8) 

C4— C5 

1.398(9) 

C5— C6 

1.360(11) 

C6— C7 

1.407(10) 

C7— CI 

1.458(7) 

Bond  Angles 

(deg) 

PI  Pd 

-P2 

109.53(4) 

PI  Pd 

-CI 

146.3(1) 

P2— Pd— CI 

104.0(1) 

P2  Pd 

-C2 

139.7(1) 

CI  Pd 

-C2 

36.0(2) 

C2  Pd 

-PI 

110.3(1) 

CI  C7 

-C6 

112.5(5) 

CI  C2 

-C3 

134.4(4) 

C2— Cl- 

-C7 

134.7(5) 

C4— C3 

-C2 

117.4(5) 

C5  C4— C3 

128.1(6) 

C6— C5— C4 

132.8(6) 

C7  C6— C5 

130.0(6) 

of  platinum  complex  2-2.27  i^g  thermal  ellipsoid  drawing  of  2-12  is  displayed  in  Figure 
2-1  while  a  stereoview  of  the  structure  is  shown  in  Figure  B-1  (Appendix  B).  Selected 
bond  lengths  and  angles  are  listed  in  Table  2-1.  Crystal  structure  data  and  final  fractional 
atomic  coordinates  are  provided  in  Appendix  A  in  Tables  A-1  and  A-2,  respectively.  The 
coordination  geometry  around  the  palladium  atom  in  2-12  is  square  planar.  The  alkyne 
bond  distance  (CI — C2)  in  2-12  is  1.258(6)  A  and  is  equal,  within  experimental  error,  to 
alkyne  distances  in  platinum  cycloheptyne  (1-35)^6  (1.283(5)  A),  cycloheptadienyne  (2- 
2)27  (1.31(2)  A)  and  cyclohexyne  (1-36)^6  (1.297(8)  A)  complexes.  The  bond  lengths  of 
C3— C4  and  C5— C6  are  1.364(8)  A  and  1.360(11)  A,  respectively,  which  indicate  as 
expected  the  presence  of  the  double  bonds.  The  bond  angle  CI — C7 — C6  of  1 12.5(5)°  is 
consistent  with  C7  being  sp^  hybridized.  The  seven-membered  ring  has  a  shape  of  a 
shallow  boat  as  shown  by  a  small  dihedral  angle  (35.0(6)°)  between  planes  CI — C7— C6 
and  C2 — C3 — C4 — C5.  Corresponding  dihedral  angles  in  cycloheptatriene  derivatives  are 
much  larger  [for  example  for  2,5-dimethyl-3,4-diphenyl-l,3,5-cycloheptatriene5''  (2-14) 
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and  3-anilino-2-(2,4,6-cycloheptatrien-l-yl)-2-propenal58  (2-15)  (Scheme  2-6)  these 
values  are  93. P  and  98.3°  respectively].  This  substantial  difference  between  the  dihedral 
angle  in  2-12  and,  for  example,  in  2-14  and  2-15  is  presumably  caused  by  the 
hybridization  difference  of  carbon  atoms  in  these  compounds.  A  boat  conformation  in 
cycloheptatriene  derivatives  (e.g.  2-14,  2-15)  is  a  result  of  maintaining  approximate  120° 
bond  angles  of  sp^  hybridized  carbons.  In  complex  2-12,  however,  the  carbon  atoms 
(CI  andC2)  that  are  bonded   to   the   palladium   atom   have  substantial  sp  character. 


Scheme  2-6 


2-15 


therefore,they  tend  to  have  a  larger  bond  angle  than  120o.  The  bond  angles  around  CI  and 
C2  are  134.7(5)  and  134.4(4)  respectively  (Table  2-1).  The  consequence  of  increased  bond 
angles  of  CI  and  C2  is  then  considerable  flattening  of  the  seven-membered  ring  in  2-12. 

Svnthesis  of  a  Palladium  Complex  of  Tropvne  (2-16) 

With  the  palladium  cycloheptadienyne  complexes  in  hand,  the  preparation  of  a 
corresponding  tropyne  complex  was  attempted.  The  mixture  of  2-12  and  2-13  was 
dissolved  in  methylene  chloride  and  the  solution  was  cooled  to  -78  ^C.  To  this  solution 
triphenylcarbenium  tetrafluoroborate  dissolved  in  a  minimum  amount  of  methylene  chloride 
was  added  very  slowly  via  a  syringe.  Reaction  occurred  rapidly  at  -78  ^C  as  was  evident 
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from  the  color  change  of  the  reaction  mixture  from  yellow  to  dark  red.  A  similar  color 
change  was  observed  during  the  preparation  of  the  platinum  tropyne  complex.59  After  the 
reaction  mixture  was  stirred  for  a  few  h  it  was  slowly  warmed  to  room  temperature. 
Addition  of  ether  caused  precipitation  of  a  dark  solid  which  was  shown  by  ^H  and 
3iP{iH}  NMR  to  be  a  mixture  of  unidentified  products,  none  of  which  even  slightly 
resembled  the  spectroscopic  characteristics  of  the  platinum  tropyne  complex.  The  filtrate 
was  evaporated  and  the  residue  was  dissolved  in  CDCI3.  This  ^H  NMR  also  showed  a 
mixture  of  products  among  which  the  resonances  corresponding  to  triphenylmethane  were 
clearly  identified  (this  was  confirmed  by  obtaining  a  ^H  NMR  spectrum  of  commercial 
triphenylmethane  under  the  same  conditions)  indicating  that  hydride  abstraction  had  taken 
place  at  some  point  in  the  reaction.  These  observations  seemed  to  suggest  that  the  tropyne 
complex  might  have  been  formed  but  upon  warming  to  room  temperature  it  simply 
decomposed.  To  check  this  possibiUty  a  low  temperature  NMR  experiment  was  attempted. 
For  this  purpose  a  mini  Schlenk  tube  consisting  of  an  NMR  tube  with  an  attached  stopcock 
was  constructed.  The  reaction  was  carried  out  in  CD2CI2  at  -78  oc.  The  NMR  tube  was 
sealed  and  maintained  at  -78  ^C  for  1  h.  After  that  time  multinuclear  NMR  spectra 
revealed  unequivocally  the  formation  of  the  palladium  tropyne  complex  (2-16)  in  a  high 
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yield  (ca.  90%  by  iR  and  3ip  {iR}  NMR)  (Scheme  2-6).  The  ^H  NMR  of  2-16  (Figure 
2-3)  is  almost  identical  to  that  of  the  platinum  tropyne  complex  2-5.  All  of  the  proton 
resonances  of  the  tropyne  ligand  are  shifted  downfield  as  compared  to  those  of  2-12  and 
2-13.  The  most  downfield  resonance  in  2-16  at  5  8.52  ppm  is  displayed  as  a  triplet 
(■'JH1-H2  =  9.6  Hz)  and  this  resonance  is  assigned  to  proton  H3  based  on:  (a)  the  area  is 
one  half  the  area  of  the  remaining  vinyl  peaks  and  (b)  comparison  with  the  platinum  analog. 
Decoupling  of  this  peak  caused  a  change  in  the  peak  at  6  8.32  ppm  which  therefore,  was 
assigned  to  proton  H2.  The  highest  field  resonance  at  8  7.83  ppm  is  displayed  as  a  doublet 
(^Jh3-H2  =  6.3  Hz)  belonging  to  proton  HI.  Triphenylmethane,  a  second  product  of  the 
reaction,  is  clearly  seen  in  the  ^HNMR  at  5  5.58  ppm.  Resonances  in  the  i^c  { iR}  NMR 
are  also  very  similar  to  those  of  the  plarinum  analog.  Probably  the  most  characteristic 
resonance  in  the  ^^C  {^H}  NMR  of  complex  2-16  is  that  of  the  carbons  attached  to  the 
palladium  atom  which  are  displayed  as  a  doublets  of  doublets  due  to  coupling  to  two  non- 
equivalent  phosphorous  nuclei  (2Jc4-Pu-ans  =  85.3  Hz,  2Jc4-Pcis  =  4.2  Hz).  The  3ip 
{1H}NMR  and  die  i^p  NMR  exhibit,  as  expected,  singlets  at  6  24.32  and  -151.84  ppm, 
respectively. 

When  the  NMR  tube  was  warmed  to  -50  ^C  in  the  NMR  probe  some 
decomposition  of  the  tropyne  complex  was  akeady  visible  after  15  min.  The  half  life  of  2- 
16  at  -35  °C  was  determined  to  be  ca.  3  h.  We  attempted  to  carry  out  some  reactions  with 
2-16  at  low  temperature  such  as  reduction  with  KBEtaH  and  LiAl(C(CH3)3)3  and  reaction 
with  HBr.  All  of  these  reactions  were  performed  at  -78  "C  followed  by  wanning  to  room 
temperature.  In  all  three  reactions  only  complex  mixtures  of  products  (probably 
decomposition  products)  were  obtained. 

NMR  measurements  indicate  that  the  tropyne  ligand  in  2-16  has  very  similar 
electronic  properties  to  those  of  its  platinum  analog.  It  is  very  surprising  then  that  platinum 
and  palladium  tropyne  complexes  are  so  different  in  terms  of  their  relative  thermal 
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stabilites.  It  seems  that  the  reason  for  palladium  trypyne  complex  thermal  instability  might 
lie  in  a  weaker  bond  to  the  tropyne  ligand  compared  to  that  of  platinum. 
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The  last  step  in  the  preparation  of  tropyne  complexes  is  hydride  abstraction  from  the 
corresponding  cycloheptadienyne  complexes  and  is  analogous  to  one  way  tropylium  ions 
have  been  synthesized.^^  Derivatives  of  tropylium  ions  (3-2,  3-4)  can  also  be  prepared 
by  addition  of  electrophiles  to  the  carbonyl  oxygen  of  tropone,  free^°  (3-1)  or  complexed 
to  a  transition  metal  (3-3)^1  (Scheme  3-1).  It  occurred  to  us  that  by  analogy  to  the  known 
tropone  chemistry  it  should  be  possible,  in  principle,  to  prepare  alkoxy-  and  hydroxy- 
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substituted  tropyne  complexes  (3-6)  by  alkylation  or  protonation  of  didehydrotropone  (3- 
5)  (Scheme  3-2).  We  decided,  therefore,  to  investigate  the  possibility  of  using  metal 
complexes  of  didehydrotropone  to  prepare  new  tropyne  complexes.  The  metal  system  that 
was  chosen  for  exploration  of  this  idea  was  bis(triphenylphosphine)platinum(0)  because  it 
was  known  that  the  platinum  complex  of  tropyne,  which  had  already  been  prepared  by 
hydride  abstraction,  is  a  stable  molecule.^^ 


Scheme  3-2 


E+ 


Synthesis  of  a  Platinum  Complex  of  2.3.4.6-Cvcloheptatetraeneone  (3-8') 

The  plan  was  to  generate  didehydrotropone  by  dehydrobromination  of  4-bromo- 
tropone  and  traping  the  resulting  alkyne  with  R(PPh3)3.  Since  dehydrobromination  with 
LDA  has  been  successfully  used  for  the  preparation  of  platinum  complexes  of  other 
cycloalkynes^'^  it  was  initially  chosen  for  the  preparation  of  3-5.  Slow  addition  of  4- 
bromotropone^2  {^  jup  iq  ^  mixture  of  LDA  and  Pt(PPh3)3  in  THF  however  led  only  to 
recovered  starting  platinum  complex.  When  potassium  t-butoxide  was  used  in  place  of 
LDA,  an  interesting  platinum  cumulene  complex  (3-8)  was  isolated,  however  in  only  5% 
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yield  (Scheme  3-3).  The  identity  of  3-8  is  based  on  IR,  HRMS,  ^H  and  ^ipfiR}  NMR. 
The  IR  spectrum  reveals  a  very  strong  peak  at  1587.8  cm"!  which  is  assigned  to  the 
carbonyl  group  of  the  ligand.  The  strongest  signal  in  the  HRMS  (FAB)  which  appeared  at 
824.173  (m/e),  is  that  of  the  molecular  ion  of  3-8  (calcd.  for  (M+l)+=  824.181).  Apart 
from  PPh3  peaks  the  ^H  NMR  displays  four  different  resonances  which  is  consistent  with 
the  absence  of  symmetry  in  the  ligand  (Figure  3-1)  (if  dehydrobromination  of  3-7  resulted 


Scheme  3-3 
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in  formation  of  the  alkyne  complex  only  two  resonances  would  be  observed  due  to  the  C2 
symmetry  of  the  ligand).  The  resonance  at  5  6.31  ppm  clearly  shows  platinum  satellites 
(^JH3-Pt=  58.5  Hz)  and  could  be  assigned  to  either  proton  H3  or  H4  because  both  are 
separated  from  the  platinum  by  three  bonds.  However,  the  chemical  shift  of  H4  should 
appear  at  lower  field  then  H3  due  to  the  electron- withdrawing  ability  of  the  carbonyl  group. 
The  resonance  at  5  6.31  ppm  is  therefore  assigned  to  proton  H3.  This  was  confirmed  by 
selective  decoupling  experiments  and  the  magnitude  of  coupling  constants  between 
protons.  Assignment  of  the  remaining  peaks  in  the  spectrum  is  based  on  selective 
decoupling  experiments.  The  3ip{iH}  NMR  of  3-8  (Figure  3-2)  shows,  as  expected  from 
the  iH  NMR,  two  doublets  at  5  27.22  and  26.97  ppm  (2jp..p..  =  14.7  Hz)  flanked 
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by  i95pt  satellites  (iJp-.pt  =  3043.1  Hz,  ijp-.pt  =  3085.5  Hz).  Another  peak  in  the 
3ip{iH}  spectrum  (Figure  3-2)  with  i95pt  satellites  appears  at  5  25.87.  This  peak  might  be 
due  to  the  symmetrical  alkyne  complex  which  may  have  been  formed  in  even  lower  yield 
than  3-8  although  there  is  no  other  experimental  support  for  this  idea. 

Although  it  is  not  clear  why  the  reaction  in  Scheme  3-3  did  not  work  with  LDA  or 
is  so  inefficient  when  K-O'Bu  is  used,  it  is  possible  that  the  base,  rather  than  inducing 
elimination  of  HBr,  may  react  with  4-bromotropone  in  a  different  way,  leading  to 
decomposition.  The  second  possible  explanation  is  that  the  produced  reactive  intermediate 
(cumulene  and/or  alkyne)  is  so  reactive  that  its  side  reactions  are  faster  than  reaction  with 
the  platinum  starting  material.  The  very  small  amounts  of  3-8  that  could  be  isolated  did  not 
allow  us  to  investigate  its  reactivity  towards  electrophiles;  therefore;  we  decided  to  focus  on 
the  synthesis  of  a  dibenzannelated  analog  of  3-7  with  the  hope  that  its  dehydrobromination 
reaction  in  the  presence  of  Pt(PPh3)3  would  allow  the  synthesis  of  benzannelated 
didehydrotropone  platinum  complex  in  good  yields.  ^^ 

Svnthesis  of  a  Platinum  Complex  of  Dibenzannelated  Didehvdrotropone  ("3-10) 

It  has  been  shown  in  the  past  that  3-9  reacts  with  K-O'Bu  generating  the 
corresponding  alkyne  which,  although  it  could  not  be  isolated,  was  successfully  trapped 
with  both  nucleophiles  and  dienes.^  The  question  was  whether  Pt(PPh3)3  would  be  an 
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efficient  trapping  reagent  of  the  generated  cyclic  alkyne.  Slow  addition  of  3-9  in  THF  to  a 
mixture  of  K-O'Bu  and  Pt(PPh3)3  in  THF  resulted  in  formation  of  a  dark  yellow  solution 
which,  after  workup,  gave  the  desired  complex  3-10  as  yellow  crystals  in  65%  yield. 
Complex  84  was  characterized  by  multinuclear  NMR  spectroscopy,  IR,  HRMS  and  X-ray 
single  crystal  analysis.  In  addition  to  PPhs  resonances  the  ^H  NMR  of  84  (Figure  3-1) 
shows  three  different  resonances  of  protons  on  the  alkyne  ligand  (the  resonance 
corresponding  to  proton  H3  is  hidden  under  the  PPh3  signals)  and  the  methyl  group  of 
toluene  (3-10  crystallizes  with  toluene).  The  chemical  shift  of  HI  of  3-10  appears  at  an 
uncommonly  high  field  for  aromatic  compounds.  This  upfield  shift   of  HI,  as  will  be 
discussed  in  more  detail  later  in  this  chapter,  is  caused  by  the  diamagnetic  shielding  by 
triphenylphosphine  coordinated  to  the  platinum  atom.  The  i95pt{iH}  and  3ip{iH}  NMR 
exhibit  a  triplet  at  5  -4745.2  ppm  (Upt-P  =  3391.4  Hz)  and   a  singlet  at  6  23.73  ppm, 
respectively,  which  is  consistent  with  structure  proposed  for  3-10.  The  most  characteristic 
resonances  in  the  13C{1H}  NMR  are  those  of  the  carbonyl  group  (195.66  ppm)  and  the 
coordinated  alkyne  carbons  which  are  displayed  as  doublets  of  doublets  at  5  132.43  ppm 
(dd,  ^Jc-Pcis  -  8-23  Hz,  ^Jc-Ptrans  =  84.56  Hz).  The  IR  spectrum  shows  two  strong 
absorptions,  one  at  1622  cm-^  which  is  assigned  to  the  C=0  group  and  the  other  at  1708 
cm-i  which  is  due  to  a  coordinated  triple  bond.  As  might  be  expected  from  conjugation 
with  the  aryl  rings  the  C=C  v  in  3-10  is  lower  than  those  of  platinum  complexes  of 
cycloheptyne  (1771  cm-i)  and  cyclohexyne  (1721  cm-i).26  Finally  complex  3-10  was  also 
investigated  by  X-ray  diffraction  analysis. 

X-Rav  Crystal  Structure  Analvsis  of  3-10 

Crystals  of  3-10  were  obtained  from  a  mixture  of  toluene  and  hexane  as  yellow 
plates.  Complex  3-10  crystallizes  in  PI  space  group  together  with  one  molecule  of  toluene 
which  is  disordered  in  two  different  positions.  A  thermal  ellipsoid  drawing  of  the  structure 
is  given  in  Figure  3-4  while  a  stereoview  of  the  structure  is  shown  in  Figure  B-1 
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Figure  3-4.    Thermal  ellipsoid  drawing  of  complex  3-10. 
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Table  3-1.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  3-18. 

Bond  Lengths  (A) 


Pt  PI 

2.290(3) 

Pt    P2 

2.277(3) 

Pt— CIO 

2.056(13) 

Pt     Cll 

2.031(13) 

PI— C51 

1.839(11) 

P2     C21 

1.840(11) 

PI— C61 

1.826(10) 

P2— C31 

1.836(12) 

PI     C71 

1.844(13) 

P2     C41 

1.826(11) 

C5— 0 

1.27(2) 

Cll— CIO 

1.283(15) 

C14— CIO 

1.42(2) 

C12— Cll 

1.43(2) 

Bond  Angles 

(deg) 

PI     Pt    P2 

102.04(12) 

PI— Pt— CIO 

144.4(3) 

P2— Pt— CIO 

113.0(3) 

P2— Pt— Cll 

148.9(3) 

CIO— Pt— Cll 

36.6(4) 

Cll— Pt— PI 

109.0(3) 

C13— C5-0 

115.7(13) 

C15— C5— 0 

116.3(13) 

Cll— CIO— C14 

135.8(14) 

C14— CIO— Pt 

152.3(10) 

C12    Cll     Pt 

154.1(8) 

Pt    Cll     CIO 

72.8(8) 

(Appendix  B).  Selected  bond  lengths  and  angles  are  listed  in  Table  3-1.  Crystal  structure 
data  and  final  fractional  atomic  coordinates  are  provided  in  Appendix  A  in  Tables  A-6  and 
A-7,  respectively.  The  alkyne  bond  length  in  3-10  is  1.283(15)  A  and  is  equal  within 
experimental  error,  to  those  in  platinum  complexes  of  cyclohexyne  and  cycloheptyne.^^ 
The  alkyne  ligand  is  bent,  with  a  dihedral  angle  between  the  phenyls  of  146.8(5)°.  This 
value  is  almost  the  same  as  in  dibenzotropone'^^  [142.8(6)o]  which  indicates  that 
coordination  of  platinum  has  virtually  no  effect  on  the  geometry  of  the  ligand.  Complexes 
of  this  type  have  an  essentially  square  planar  geometry  with  the  donor  phosphine  groups 
occupying  cis  coordination  sites.  The  coordinated  alkyne  is  slightly  rotated  from  the  PI — 
Pt — ^P2  plane.  In  complex  3-10  the  dihedral  angle  between  planes  defined  by  Pt,  PI,  P2 
and  Pt,  CIO,  Cll  is  12.3(7)°  and  is  one  of  the  largest  among  all  known  platinum  alkyne 
complexes.^^ 


Reactions  of  Complex  3-10 

Reactions  of  3-10  with  electrophiles  are  summarized  in  Scheme  3-5.  Reaction  of 
3-10  with  HBF4  at  -78  ^C  gave  only  one  isolable  product  which  was  identified  as  the 
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aqua  complex  3-11.  The  ^H  NMR  (Figure  3-5)  shows  a  few  peaks  that  correspond  to 
protons  on  the  alkyne  ligand  and  a  broad  peak  at  6  3.8  ppm  wich  is  assigned  to  a 
coordinated  water  molecule.  Other  spectroscopic  measurements  (^95Pt{iH},  3ip{iH} 
NMR,  IR,  HRMS)  and  elemental  analysis  are  also  consistent  with  the  proposed  structure 
of  3-11.  An  analogous  product  was  obtained  from  reaction  of  the  platinum  cyclohexyne 
complex  (1-36)  with  HBF4.26  Reaction  of  3-10  with  HBr  also  does  not  lead  to  an 
oxygen-protonated  product  but  instead  yields  3-12  which  is  consistent  with  oxidative 
addition  of  HBr  to  the  platinum  center.  The  3ip{iH}  NMR  of  3-12  exhibits  two  doublets 
at  6  15.2  and  16.77  ppm  (2jpi.p2  =  15.4)  for  PI  and  P2,  respectively,  which  is  consistent 
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with  a  m-configuration  for  3-12.  I95pt{  iji}  NMR  shows  a  doublet  of  doublets  centered 
at  5  -4554.3  ppm  with  two  different  coupling  constants  to  Pl(iJpt-Pi  =  1686.2  Hz)  and 
P2  (^Jpt-P2  =  4432.2  Hz).  This  difference  in  coupling  constants  is  due  to  a  stronger  trans 
influence  of  the  alkenyl  group  than  that  of  the  chlorine.^^  Complex  3-12  does  not  undergo 
conversion  to  thetrans  isomer  even  after  two  months  in  methylene  chloride.  Complex  3- 
13  was  also  obtained  by  oxidative  addition  of  3-9  to  Pt(PPh3)3  in  THF.  These  products 
are  presumed  to  result  from  attack  of  the  proton  on  the  platinum  center.  Attempts  to  alkylate 
3-10  with  (MesO)  BF4  were  also  unsuccessful;  no  reaction  was  observed.  However, 
when  water  was  added  to  a  reaction  mixture,  complex  3-11  was  formed  presumably  as  a 
result  of  electrophilic  attack  of  HsO"*"  formed  by  hydrolysis  of  the  oxonium  salt. 

Although  our  initial  goal  was  not  realized  we  decided  to  investigate  the  reactivity  of 
3-10  in  more  detail.  Complex  3-10  is  relatively  inert;  it  does  not  react  with  weak  acids 
such  as  ethanol  or  acetonitrile  even  when  warmed  to  80  °C  for  2  days.  It  also  does  not  react 
with  methyl  iodide,  dimethyl  acetylenedicarboxylate  or  phenylacetylene.  This  lack  of 
reactivity  is  very  similar  to  that  of  the  platinum  complex  of  cycloheptyne  (l-37).26 
Complex  3-10  reacts  rapidly,  however,  with  rerr-butyl  isocyanide  to  form  a  single 
phosphine  displacement  product  3-13  (Scheme  3-5).  Further  ligand  exchange  or  other 
reactions  with  tert-hutyl  isocyanide  could  not  be  induced,  even  at  elevated  temperature. 
This  result  is  somewhat  different  from  platinum  cyclohexyne  (1-36)  and  cycloheptyne  (1- 
37)  complexes.  Complex  1-37  was  reported  to  be  entirely  inert  towards  ferr-butyl 
isocyanide  whereas  1-36  underwent  both  phosphine  displacement  and  isocyanide  insertion 
between  platinum  and  the  alkyne  carbon.26  The  IR  spectrum  of  3-13  shows  bands  at 
1710.9  and  2155.5  cm"i  due  to  the  coordinated  triple  bond  and  the  isocyanide  ligand, 
respectively.  The  i^^Ptf  ^H}  NMR  spectrum  shows  a  resonance  centered  at  -4694  ppm  as 
a  broad  doublet  which  is  a  result  of  coupling  to  one  phosphine  and  the  i^N  nucleus. 
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Synthesis  of  Trimer  3-14 

Bennett  and  coworkers  have  found  that  tetracyanoethylene  (TCNE)  reacts  with 
bis(triphenylphosphine)platinum  complexes  of  cyclohexyne  (1-36)  and  cycloheptyne  (l- 
37)  to  give  the  bis(triphenylphosphine)platinum  complex  of  TCNE  quantitatively  and 
presumably,  although  not  identified,  free  cycloheptyne  and  cyclohexyne.26  it  occurred  to 
us  that  it  might  be  possible  to  release  dibenzotropynone  from  3-10  in  the  same  way  and 
observe  its  reactivity.  Treatment  of  a  CgDg  solution  of  3-10  with  one  equivalent  of  TCNE 
led  to  a  rapid  change  in  color  from  yellow  to  dark  red-brown.  The  ^H  NMR  spectrum  of 
the  crude  reaction  mixture  showed  complete  loss  of  3-10.  Addition  of  hexane  precipitated 
a  complex  which  after  analysis  was  identified  as  the  TCNE  adduct  of 
bis(triphenylphosphine)platinum.  The  filtrate  was  passed  through  a  short  silica-gel  column 
using  methylene  chloride/hexane  mixture  and  the  resulting  solution  was  evaporated  leaving 
a  yellow  compound.  The  ^H  NMR  spectrum  of  this  material  (Figure  3-6)  shows  four 
resonances:  one  doublet,  one  doublet  of  doublets  and  two  triplets  of  doublets.  The 
13C{1H}  NMR  spectrum  displayed  7  peaks  in  the  aromatic  region  and  one  at  197.42  ppm 
indicating  the  presence  of  a  carbonyl  group.  Based  on  these  NMR  data  the  structure  of  the 
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new  compound  can  be  formulated  as  that  of  dibenzannelated  dibenzotropynone,  its  dimer, 
trimer  or  tetramer  etc.(because  of  symmetry  all  of  these  would  have  exactly  the  same 
number  of  resonances  in  both  the  ^H  and  the  i^CfiH)  NMR).  The  problem  of  which  of 
these  is  actually  formed  in  the  reaction  of  3-10  with  TCNE  was  solved  by  HRMS  (FAB) 
which  showed  an  intensive  peak  at  613.1835  (m/e).  This  peak  corresponds  to  the  mass  of 
trimer  3-14  (calcd.  for  (M+l)+  =  613.1804  )  (Scheme  3-6).  The  structure  of  3-14  was 
confirmed  by  an  X-ray  crystal  structure  analysis. 

X-Rav  Crystal  Structure  Analysis  of  3-14 

Crystals  of  3-14  were  grown  by  slow  evaporation  of  a  methylene  chloride/hexane 
solution  at  room  temperature.  The  structure  of  3-14  was  solved  in  a  triclinic  space  group 
PI  using  Direct  Methods.  Thermal  ellipsoid  and  stereographic  drawings  of  3-14  are 
presented  in  Figures  3-7  and  B-1  (Appendix  B),  respectively,  while  selected  bond  lengths 
and  angles  are  listed  in  Table  3-2.  Crystal  data  and  final  fractional  atomic  coordinates  are 
provided  in  Tables  A-1 1  and  A- 12,  respectively.  The  structure  shows  three  dibenzotropone 
fragments  fused  to  the  benzene  ring  located  in  the  center  of  the  molecule.  To  minimize  non- 
bonding  interactions  between  the  large  dibenzotropone  fragments,  two  of  them  bend  in 
opposite  directions  forming  dihedral  angles  between  phenyl  rings  in  the  two  fragments  of 
1 12.3°  and  1 15.9°,  respectively.  The  third  fragment  with  a  dihedral  angle  between  phenyl 
rings  of  158.2°  is  positioned  in  a  unique  way  with  one  phenyl  ring  above  and  the  other 
below  the  middle  benzene  ring.  The  consequence  of  such  a  spatial  arrangement  of  these 
three  fragments  is  a  substantial  twisted  boat  deformation  (Figure  3-8)  of  the  benzene  ring  in 
the  center  of  the  molecule.  This  distortion  is  quite  severe  and  is  comparable  to  other 
previously  reported  distorted  benzenes.  For  example,  the  dihedral  angle  between  planes 
CIO— Cll— C40  and  C26— C25— C41  is  38.4(4)°  is  equal,  within  experimental  error,  to 
the  corresponding  dihedral  angle  in  8,9-dicarbomethoxy-[6]-par<3-cyclophane^'^  (38.9°)  but 
is  less  than  the  most  highly  distorted  ring  reported  to  date,  perchlorotriphenylene^^ 
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Figure  3-7.    Thermal  ellipsoid  drawing  of  compound  3-14. 
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Table  3-2.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  3-14. 

Bond  Lengths  (A) 


CI  1— CIO 
C26— C25 
C41— C40 
C14— Cll 
C5— 01 
CSS— 03 
C12— C13 


L404(5) 
L398(4) 
L394(4) 
L490(5) 
L224(5) 
L214(4) 
L405(4) 


C26— CIO 
C41— C25 
C40— Cll 
C12— CIO 
C20— 02 
C13— C5 
C14— C15 


Bond  Angles  (deg) 


1.433(4) 
1.424(5) 
1.430(5) 
1.488(4) 
1.210(5) 
1.482(6) 
1.418(5) 


C25— C41— C40  119.0(3) 

C41— C40— Cll  119.5(3) 

CIO— C26— C25  119.1(3) 

C13— C5— C15  124.5(3) 

C43— C35— C45  113.8(3) 


C26— CIO— Cll  117.6(3) 

C41— C25— C26  118.4(2) 

C40— Cll— CIO  116.3(3) 

C28— C20— C30  114.3(3) 


which  has  a  dihedral  angle  of  54.1°.  Other  more  severely  distorted  benzenes  include 
tetramethyl  [6](9,10)anthracenophane69  (4930  dihedral)  and  [6](l,4)anthracenophane''0 
(42°  dihedral).  Theoretical  work  on  deformed  benzenes  has  also  recently  appeared.'' 1  There 
is  a  slight  bond  alternation  (0.03  A)  in  the  middle  benzene  ring  of  3-14,  presumably  as  a 
result  of  the  distortion.  In  perchlorotriphenylene  this  value  is  larger  (0.06  A)  which  is 
consistent  with  more  severe  distortion  in  this  molecule.''^ 


Figure  3-8.  Distortion  of  the  central  benzene  ring  in  3-14. 


The  trimer  3-14  exhibits  approximately  C2  geometry  in  the  solid  state.  If  this 
structure  is  maintained  in  solution,  however,  it  must  undergo  rapid  conformational 
equilibriation  because  the  ^H  NMR  clearly  shows  only  four  different  kinds  of  aromatic 
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hydrogens  (if  3-14  were  not  equilibrating  it  should  show  twelve)  and  the  ^^C  NMR 
spectrum  shows  only  eight  kinds  of  carbon  while  non-equilibrating  3-14  should  show 
twenty  three.  Furthermore,  if  it  has  C2  symmetry  in  solution,  the  inversion  barrier  must  be 
quite  low  since  the  ^H  NMR  spectrum  at  -80  °C  (CgDjCDj)  showed  no  significant 
broadening. 

In  order  to  find  out  how  general  this  trimerization  reaction  is  synthesis  of  two  other 
platinum  alkyne  complexes  were  considered,  one  (3-18)  in  which  the  carbonyl  is  replaced 
by  oxygen  and  a  second  (3-19)  in  which  CH2  replaces  C=0.  Initial  attempts  to  prepare  3- 
18  and  3-19  were  exactly  analogous  to  those  used  for  3-10.  In  an  attempt  to  synthesize 
the  starting  material  for  preparation  of  3-19,  Clemmensen  reduction  of  3-9  was  attempted. 
Unfortunately,  although  this  reduction  produced  the  desired  product,  it  was  highly  impure 
and  formed  in  very  low  yield.  As  an  alternate  approach  to  the  preparation  of  a  suitable 
precursor  to  3-19,  dibenzocycloheptatriene  (which  we  found  could  be  easily  prepared  in 
good  yield  from  reduction  of  dibenzosuberenol  with  NaI/Me2SiCl2)'^3  was  treated  with 
bromine  to  give  3-17.  Initial  attempts  to  mono  dehydrobrominate  3-17  to  give  an 
analogue  to  3-9  were  not  very  successful.  However,  double  dihydrobromination  with 
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potassium  t-butoxide  in  the  presence  of  Pt(PPh3)3  cleanly  gave  the  disired  complex  3-19. 
The  same  method  was  also  successfully  used  to  prepare  3-18  (Scheme  3-7). 
Spectroscopic  features  of  3-18  and  3-19  are  similar  to  those  of  3-10.  The  infrared 
spectra  of  3-18  and  3-19  showed  alkyne  absorptions  at  1691  and  1689  cm-^, 
respectively.  The  ^H  NMR  spectra  of  both  complexes  show  an  uncharacteristic  upfield 
shift  of  the  aromatic  protons  nearest  the  triple  bond  (HI).  This  upfield  shift  was  shown  in 
two  ways  to  be  due  to  diamagnetic  shielding  by  triphenylphosphine  coordinated  to  the 
platinum.'''*  First  an  NOE  study  of  3-18  was  carried  out.  Irradiation  of  the  onho  protons 
of  the  triphenylphosphine  led  to  an  11.9%  enhancement  of  HI  indicating  close  proximity  of 
HI  and  the  phenyl  groups  of  PPh3.  We  reasoned  that  if  triphenylphosphine  is  really  the 
cause  of  this  upfield  shift  then  replacing  PPhs  with  a  ligand  which  is  incapable  of 
significant  shielding  should  have  a  substantial  effect  on  the  chemical  shift  of  the  high  field 
protons.  New  alkyne  complexes  (3-20,  3-21)  were  therefore  prepared  by  PPh3  exchange 
with  l,2-bis(dicycIohexylphosphino)ethane''5  (Scheme  3-8)  and  their  ^H  NMR  measured. 
Indeed,  the  chemical  shifts  of  all  ligand  protons  appeared  below  7  ppm  (Figure  3-9).  The  v 
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of  the  C^C  in  3-21  shows  a  red  shift  of  18  cm-i  as  compared  with  3-18  which  could  be 
expected  from  the  increased  basicity  of  the  phosphine  ligand.  However,  the  stretching 
frequency  of  the  same  bond  in  3-20  is  almost  identical  to  that  of  3-10.  The  I95pt{  i^} 
NMR  of  3-20  and  3-21  display  triplets  centered  approximately  300  ppm  higher  field  than 
those  of  3-10  and  3-18. 

With  the  new  platinum  alkyne  complexes  in  hand  their  reactions  with  TCNE  were 
studied.  First,  complex  3-13  was  treated  with  TCNE  in  CgDg^  giving  trimer  3-14  in 

yields  comparable  to  those  of  complex  3-10  together  with  two  unidentified  platinum 
products  which  were  detected  in  the  3ip{iH}  NMR.  Treatment  of  complex  3-20  under 
the  same  condition  gave  a  mixture  of  organic  products  containing  only  about  5-10%  (by  ^H 
NMR)  of  3-14.  [(Cy2PCH2)2Pt(TCNE)]  (3-22)  was  formed  quantitatively  in  this 
reaction.  The  reason  for  the  difference  in  behavior  is  not  clear.  Reaction  of  3-19  with 
TCNE  generated  3-15  quantitativaly,  however,  no  organic  product  could  be  isolated. 

Treatment  of  3-18  with  TCNE  (Scheme  3-9)  led  to  an  interesting  product.  In 
addition  to  10%  of  the  TCNE  complex  of  bis(triphenylphosphine)pIatinum(0)  (3-15)  (3ip 
NMR),  3-18  gave  the  coupling  product  3-23  in  55%  isolated  yield.  Such  oxidative 
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coupling  reactions  are  very  common  for  early  transition  metals^  but  quite  unusual  for 
platinum  alkyne  complexes7^  The  initial  structural  assignment  to  3-23  was  based  on 
elemental  analysis,  IR  and  multi-nuclear  NMR.  The  IR  spectrum  showed  a  weak 
absorption  at  2216  cm-'  indicating  the  presence  of  cyano  groups  in  the  complex.  The  'H 
NMR  spectrum  of  this  material  showed  eight  different  protons  belonging  to  the  ligand. 
The  assignment  (Figure  3-10)  of  the  protons  in  the  dibenzannelated  oxepin  fragment  relies 
on  two  assumptions.  First,   that  the  highest  field  doublet  at  5  6.37  ppm  corresponds  to 
proton  H8.  This  assumption  is  based  on  the  close  proximity  of  H8  to  PPhs  which  causes 
its  upfield  shift.  The  X-ray  crystal  structure  of  3-23  (vide  infra)  clearly  shows  that  one  of 
the  PPh3  phenyl  rings  is  positioned  parallel  to  a  phenyl  ring  of  dibenzannelated  oxepin 
fragment  bearing  H5-H8  (Figure  3-12).  All  these  protons  are  therefore  shifted  upfield 
relative  to  protons  (H1-H4)  on  the  other  phenyl  ring.  The  assignment  of  protons  H5  to  H7 
was  made  by  selective  decoupling  experiments.  The  second  assumption  is  that  the  most 
downfield  doublet  at  5  7.88  ppm  corresponds  to  proton  H4.  The  downfield  shift  of  H4  is 
believed  to  be  caused  by  the  electron  withdrawing  oxygen  in  the  ligand.  The  assignment  of 
the  remaining  protons  was  again  made  by  selective  decoupling  experiments.  In  the 
3'P{iH)  NMR,  two  phosphorus  nuclei  (PI  and  P2)  were  observed  as  nonequivalent 
doublets  at  6  13.7  and  14.6  ppm,  respectively  (Vpi.p2  =  20.5  Hz)  (Figure  3-11).  The 
i95pt{iH}  NMR  exhibited  a  doublet  of  doublets  centered  at   5  -4347.3  ppm  with  two 
different  coupling  constants  to  PI  (Vpt.pi  =  3259.4  Hz)  and  P2  (Vpt.p2  =  1918.2  Hz). 
This  difference  in  coupling  constants  is  presumably  due  to  a  stronger  trans  influence  on  P2 
than  on  PI.  The  structure  of  complex  3-23  was  confirmed  by  X-ray  crystal  structure 
analysis. 

X-Rav  Crvstal  Structure  Analvsis  of  3-23 

Crystals  of  complex  3-23  were  obtained  by  slow  evaporation  of  a  methylene 
chloride/hexane  solution.  Complex  3-23  crystallizes  in  a  monoclinic  space  group  la 
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Figure  3- 12.    Thennal  ellipsoid  drawing  of  complex  3-23. 
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Table  3-3.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  3-23. 

Bond  Lengths  (A) 


Pt— PI 

2.305(3) 

Pt— P2 

2.370(3) 

*-'^    -  <' 

Pt— C9 

2.090(9) 

Pt    C16 

2.161(9) 

'  *■ 

C12    0 

L375(14) 

C14— O 

1.42(2) 

■  ■C'  '               .  ,  ;, 

C18    Nl 

LI  0(2) 

C17     N2 

1.11(2) 

Cl^— N3 

1.14(2) 

C20— N4 

1.14(2) 

CIO— C9 

1.327(14) 

C13— C9 

1.474(15) 

.»  , 

Cll     CIO 

1.475(14) 

C16— C15 

1.609(14) 

C17— C15 

1.51(2) 

C18— C15 

1.51(2) 

C20— C16 

1.465(14) 

C20— C16 

1.46(2) 

Bond  Angles 

(deg) 

PI     Pt    P2 

97.50(11) 

P2     Pt      C16 

93.2(3) 

-  ■  'Y^ 

P2    Pt     C9 

168.2(2) 

PI     Pt    CI  6 

165.0(3) 

C9— Pt— C16 

77.0(3) 

Pt    C16— C15 

98.7(6) 

-  '■■; 

CIO— C9    Pt 

117.0(7) 

C16— C15- 

-CIO 

104.7(8) 

C12    0— C14 

108.5(9) 

C17     C15 

-C18 

106.6(9) 

■<[ 

C19    C16— C20 

108.2(9) 

N2— C17— 

-C15 

177.4(12) 

Nl— C18— C15 

174.4(13) 

N3— C19— 

-C16 

175.3(13) 

r?.. 

N4— C20— C16 

178.0(14) 

together  with  one  molecule  of  methylene  chloride  solvent.  Thermal  ellipsoid  and 
stereographic  drawings  of  3-23  are  presented  in  Figures  3-12  and  B-2  (Appendix  B), 
respectively,  while  selected  bond  lengths  and  angles  are  listed  in  Table  3-3.  Crystal  data 
and  final  fractional  atomic  coordinates  are  provided  in  Tables  A-16  and  A-17,  respectively. 
Complex  3-23  can  be  viewed  as  a  platinacyclopent-2-ene  with  the  platinum  bonded  to  two 
phosphorous  and  two  carbon  atoms.  The  Pt— PI  bond  [2.305(3)  A]  is  shorter  than  Pt— P2 
[2.370(3)  A]  as  expected  from  two  different  I95pt — 3ip  coupling  constants.  Correlation 
between  bond  distances  of  Pt— P  and  i95pt_3ip  coupling  constants  is  well  established.^^ 
The  Pt— C9  bond  [2.090(9)  A]  is  shorter  than  Pt— C16  [2.161(9)  A],  a  difference  which  is 
attributed  to  the  different  hybridization  of  the  two  carbons  bonded  to  the  platinum  atom. 
From  these  data  it  is  clear  that  C9  (sp2)  exerts  a  stronger  trans  influence  than  does  C16 
(sp3).  The  Pt — C9  and  Pt — C16  bond  lengths  are  equal,  within  experimental  error,  to  the 
corresponding  bond  distances  observed  in  Pt(cyclohexenyl)(CH2COC6H5)  (diphos)  [Pt— 
C(sp2)  =  2.068(10)  A,  Pt— C(sp3)  =  2.175(10)  kV  Complex  3-23  has  a  distorted 
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square  planar  geometry  around  the  Pt  atom  with  the  dihedral  angle  between  the  planes 
defined  by  Pt,  PI,  P2  and  Pt,  C9,  C16  equal  to  12.5(3)°.  The  dihedral  angle  between  the 
phenyl  ring  planes  of  the  dibenzoxepin  ligand  [109.6(4)O]  is  much  smaller  than  that  of  free 
dibenzoxepin^s  [134(2)°].  The  most  pronounced  feature  of  the  structure  of  3-23  is  the 
presence  of  a  platinacyclopent-2-ene  ring  which  has  a  geometry  of  a  half-chair.  The  atoms 
Pt,  C9,  CIO  and  C15  are  coplanar  (max.  deviation  from  the  least  square  plane  is  0.016  A 
for  CIO)  while  C16  lies  0.97  A  below  the  plane.  The  dihedral  angle  between  the  Pt— C9— 
CIO— C15  and  the  Pt— C16— C15  plane  is  54.7(6)°.  Such  distortion  from  planarity  is  a 
common  feature  of  metallacyclopent-2-enes.'^9  -phis  distortion,  however,  is  significantly 
larger  in  3-23  than  in  any  other  known  metallacyclopent-2-enes  known  for  which  crystal 
structure  data  is  available.^o  It  is  not  clear  why  3-10  and  3-18  react  differently  with 
TCNE. 

Synthesis  of  Platinum  Tropvne  Complex  3-24  -  ''■ 

As  was  discussed  earlier,  attempts  to  prepare  platinum  tropyne  complexes  by 
alkylation  of  a  carbonyl  group  were  not  succesful.  However,  the  platinum  complex  of 
dibenzannelated  didehydrocycloheptatriene  (3-19)  provided  the  opportunity  to  synthesize  a 
benzannelated  tropyne  complex  by  hydride  abstraction,  a  method  which  was  succesfully 
employed  for  the  preparation  of  platinum^S  (2-5)  zirconium54  (2-9)  and  palladium  (2-16) 
complexes  of  tropyne.  Treatment  of  3-19  with  triphenylcarbenium  tetrafluoroborate  in 
methylene  chloride  at  -78  °C,  followed  by  warming  to  room  temperature  gave  a  deep  blue 
solution.  Addition  of  diethyl  ether  gave  3-24  as  deep  blue-black  needles  (Scheme  3-10). 
Complex  3-24  was  characterized  by  ^H,  i3c{iH},  i^p,  3ip{iH),  i95pt{iH}  nMR, 
HRMS  and  elemental  analysis.  In  addition  to  PPhs  signals,  the  iR  NMR  (Figure  3-13) 
shows  five  different  resonances  which  are  substantially  deshielded  relative  to  3-19.  The 
3iP{iH}  and  I95pt{  ir}  NMR  display  a  singlet  at  5  19.96  ppm  and  a  triplet  centered  at  5 
-4060.2  ppm,  respectively  (Figure  3-14).  The  electronic  structure  of  3-24  is  somewhat 
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different  from  that  of  the  parent  tropyne  complex  2-5  in  that  the  positive  charge  in  3-24 
resides  to  a  greater  extent  on  the  ligand.  This  is  best  shown  by  the  ^H  and  i95pt{iH} 
NMR.  The  chemical  shift  of  H5  in  3-24  is  the  same  (10.45  ppm)  as  that  of  the 
corresponding  proton  in  the  dibenzotropylium  ion.^i  However,  the  same  proton  in 
complex  2-5  (8.64  ppm)  shows  a  significant  upfield  shift  when  compared  to  the  tropylium 
ion  (9.55  ppm).82  Similarly,  the  chemical  shift  in  the  I95pt{  ih)  NMR  of  3-24  is  280  ppm 
upfield  relative  to  2-5.  Both  of  these  differences  are  expected  if  the  platinum  atom  more 
effectively  delocalizes  the  positive  charge  in  2-5  than  in  3-24. 

Reactions  of  Platinum  Tropyne  Complex  3-24 

Tropyne  complexes  of  platinum  have  two  reaction  sites,  one  on  the  ring  which  is 
susceptible  to  nucleophilic  attack  and  the  other  on  the  metal  center  where  electrophilic  attack 
would  be  expected.  Examples  of  these  two  reaction  types  for  3-24  are  shown  in  Scheme 
3-10.  Reaction  with  KBEtgH  is  rapid  and  gives  3-19  in  70%  yield  (iR  and  3ip  NMR). 
Three  minor  phosphorus  containing  platinum  products  were  formed  in  this  reaction  as 
shown  by  3ip{iH}  NMR,  but  they  were  not  characterized.  The  bidentate  phosphine, 
bis(dicyclohexylphosphino)ethane  also  reacts  rapidly  (within  seconds)  with  3-24  to  form 
the  bis  alkyne  complex  3-25.  No  triphenylphosphine  displacement  was  observed  in  this 
reaction.  The  3ip{  iR}  NMR  of  this  material  exhibits  two  peaks,  one  centered  at  5  21.95 
ppm  and  the  other  at  5  34.93  ppm.  The  former  resonance  belongs  to  a  PPhs  as  is  evident 
by  the  presence  of  its  i^spt  satellites  whereas  the  latter  belongs  to  PCy2.  The  ratio  of 
cyclohexyl  to  phenyl  protons  in  the  ^H  NMR  is  consistent  with  the  stoichiometry  of 
complex  3-25.  This  reaction  parallels  the  reaction  of  metal  T| ''-tropylium  complexes  with 
diphosphines.83  Electrophilic  addition  to  the  metal  center  was  demonstrated  by  addition  of 
HBr  in  acetic  acid  to  a  THF  solution  of  3-24  which  led  to  a  rapid  color  change  from  deep 
blue  to  purple.  Addition  of  ether  gave  3-26  as  a  purple  precipitate.  The  3ip{  iR}  NMR  of 
3-26  showed  two  doublets  at  6  13.96  and  15.03  ppm  with  '95pt  satellites  indicating 
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formation  of  the  c/5-isomer.  Upon  standing,  this  complex  slowly  isomerized  to  the  trans- 
isomer  (3-27)  (ca.  70%  conversion  after  4  weeks  at  n  in  CD2CI2).  The  same  types  of 
products  were  obtained  from  reaction  of  2-5  with  HBr  and  HCI.53 
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CHAPTER  4 

PLATINUM-MOLYBDENUM  COMPLEXES  OF  CYCLOHEPTADffiNYNES 
TROPYNEAND  1,2,3,5-CYCLOHEPTATETRAENE 


Introducrion 

The  chemistry  of  the  tropyne  complexes  that  have  been  prepared  has  not  been 
explored  in  detail,  mainly  because  two  of  them,  complexes  of  zirconium^^  (2-9)  and 
palladium  (2-16)  are  very  thermally  unstable.  Since  the  platinum  analog  (2-5)  is  the  only 
known  tropyne  complex  that  is  stable  at  room  temperature,  this  molecule  was  the  best 
candidate  for  further  reactivity  study. 

In  the  tropyne  and  cycloheptadienyne  complexes  described  thus  far,  the  ligands  are 
bonded  to  a  transition  metal  in  an  T]^  fashion.  Each  of  these  ligands,  however,  possesses  a 
set  of  7i-orbitals  perpendicular  to  the  plane  of  the  ligand.  The  tropylium  ion  and 
cycloheptatriene,  which  are  structurally  similar  to  the  complexed  tropyne  and 
cycloheptadienyne,  are  known  in  organometallic  chemistry  as  good  7C-ligands  and  many 
complexes  of  both  ligands  have  been  prepared  and  characterized.3.22  By  analogy  to  the 
tropylium  ion  and  cycloheptatriene  complexes  we  decided  to  investigate  the  possibility  of 
coordinating  a  second  transition  metal  to  a  7t-system  in  platinum  complexes  of  tropyne  and 
cycloheptadienynes. 

The  transition  metals  that  have  been  used  most  often  in  the  preparation  of  tropylium 
ion  and  cycloheptatriene  complexes  are  those  of  group  VI,  chromium,  molybdenum  and 
tungsten.  Cycloheptatriene  complexes  are  typically  prepared  by  substitution  reactions 
whereas  tropylium  ion  complexes  are  formed  by  hydride  abstraction  from  the 
corresponding  cycloheptatriene  complexes.  Of  the  group  VI  metals,  molybdenum  has  been 
found  to  undergo  substitution  reactions  faster  than  tungsten  or  chromium.^'*  We  chose  it  as 
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a  potential  candidate  for  coordination  to  complexes  of  cycloheptadienyne  and  tropyne 
complexes. 

Synthesis  and  Spectroscopy  of  Bimetallic  Complexes  of  Cyclohepta-3.5-dien-l-yne  (4-5^ 

and  Cyclohepta-3.6-dien-l-yne  (4-6') 

It  has  been  reported  that  treatment  of  ('n6-arene)Mo(CO)3  with  a  more  basic 
aromatic  ring  in  THF  or  acetone  leads  to  rapid  arene  exchange  at  room  temperature.^^ 
Cycloheptadienyne  complexes  2-2  and  2-3  can  be  viewed  as  substituted  cycloheptatrienes 
and  since  cycloheptatriene  is  known  to  bind  to  the  Mo(CO)3  fragment  more  strongly  than 
arenes  (by  ca.  7  kcal/mol)^^  it  occurred  to  us  that  it  might  be  possible  to  use  such  an  arene 
exchange  reaction  to  attach  the  Mo(CO)3  fragment  to  the  seven  membered  ring  in  2-2  and 
2-3  (Scheme  4-2).  A  model  reaction  was  carried  out  first  in  order  to  determine  if  the 
Mo(CO)3  fragment  could  be  transferred  from  p-xylene  to  cycloheptatriene  at  room 
temperature.  When  to  a  THF  solution  containing  one  equiv.  of  (Ti6-p-xylene)Mo(CO)3  (4- 
2)  was  added  to  one  equiv.  of  cycloheptatriene  (4-1)  a  sudden  color  change  from  yellow 
to  red  was  observed.  After  15  min.  of  stirring  the  THF  was  removed  in  vacuum  and  the 
residue  was  dissolved  in  CeDe.  The  ^H  and  13C{1H}  NMR  showed,  within  limits  of 
detection,  quantitative  formation  of  complex  4-3  (Scheme  4-1)  (the  spectral  data  of  the 
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newly  formed  complex  are  identical  to  those  obtained  from  an  independently  synthesized 
sample  of  4-2).87  This  result  encouraged  us  to  perform  an  analogous  reaction  with  2-2 
and  2-3.  Addition  of  THF-d^  to  a  mixture  of  2-2,  2-3  (6:1;  total  one  equiv.)  and  (Tj^-p- 
xylene)Mo(CO)3  (4-2)  in  an  NMR  tube  led  to  a  rapid  color  change  from  yellow  to  deep 
red.  After  15  min.,  analysis  (^H  and  3ip  NMR)  showed  total  disappearance  of  starting 
materials  and  formation  of  4-5  and  4-6  in  about  95%  yield  in  a  6:lratio.  This  was  the 
same  as  the  ratio  of  2-2  to  2-3.  The  mixture  of  4-5  and  4-6  was  crystallized  from 
benzene/hexane  in  ca.  65  %  yield.  In  addition  to  the  PPhs  signals,  the  ^H  NMR  of  4-5 
(the  major  isomer)  exhibited  six  different  proton  resonances,  two  of  which  (at  5  5.55  and 
3.51  ppm)  showed  coupling  to  the  I95pt  nucleus  (Scheme  4-1).  The  peak  at  5  5.55  ppm  is 
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assigned  to  the  vinyl  proton  HI  while  the  peak  at  5  3.51  ppm  is  assigned  to  the  methylene 
proton  Hd.  The  second  methylene  proton  Hu  (5  3.21  ppm)  is  displayed  as  a  doublet  due  to 
geminal  coupling  to  Hd  (^Jnu-Hd  =  15.7).  The  X-ray  crystal  structure  (vide  infra)  shows 
that  bond  vector  C-Hu  is  almost  orthogonal  to  the  C-H4  and  Pt-C  vectors  explaining  the 
absence  of  coupling  to  either  H4  or  the  I95pt  nucleus.  The  minor  isomer  4-6  shows  four 
peaks  with  only  one  (at  6  4.99  ppm)  coupled  to  the  I95pt  nucleus.  The  peak  at  5  4.5  is 
therefore  assigned  to  HI'.  The  remaining  signals  in  the  spectrum  of  4-5  and  4-6  are 
assigned  based  on  a  2D  cosy  experiment  (Figure  4-2).  The  proton  resonances  of  both  4-5 
and  4-6  are  shifted  upfield  relative  to  2-2  and  2-3.  The  i95pt{iH)  nmR  of  the  mixture 
of  4-5  and  4-6  shows  a  doublet  of  doublets  centered  at  5  -4480.4  (Upt-p-  =  3326.4  Hz, 
iJpt-P"  =  3418  Hz)  and  a  triplet  at  6  -4449  (^Jpt-p  =  3323  Hz)  as  expected  for  complexes 
with  Ci  (4-5)  and  Cs  (4-6)  symmetry,  respectively  (Figure  4-3).  The  3ip{iH}  NMR 
displays  two  doublets  and  a  singlet  for  4-5  and  4-6,  respectively  (Figure  4-3).  The  room 
temp.  13C{1H}  NMR  spectrum  of  4-5  and  4-6  does  not  exhibit  any  signals  in  the 
carbonyl  region.  The  spectrum  obtained  at  -20  "C  however,  reveals  three  carbonyl  signals 
of  equal  intensity  that  are  assigned  to  the  major  isomer  4-5.  This  observation  is  a  result  of 
rapid  rotation  of  the  molybdenum  tricarbonyl  moiety  around  the  axis  perpendicular  to  the 
seven  membered  ring.  The  coalescence  temperature  for  this  fluxional  process  must  lie  in  the 
range  of  10-45  °C  although  we  were  unable  to  determine  precisely  its  value  due  to  limited 
solubility  of  4-5  and  4-6  in  organic  solvents.  The  IR  spectrum  of  the  mixture  shows  a 
medium  size  absorption  at  1610  cm-i  which  is  assigned  to  the  triple  bond  coordinated  to  the 
metal  center  in  4-5.  The  same  absorption  in  2-2^7  is  at  1710  cm-i  which  indicates  that 
coordination  of  molybdenum  to  2-2  causes  a  decrease  in  the  bond  order  of  the  triple  bond. 
The  IR  spectrum  also  shows  three  very  strong  bands  (1956.7,  1886.8,  1845.7  cm-i)  in  the 
metal  carbonyl  region.  Interestingly  these  carbonyl  stretches  have  a  lower  frequency  (ca.  15 
cm-i)  than  those  of  tricarbonyl  molybdenum  cycloheptatriene  (4-3)  (1970,  1908,  1856  cm- 
i),88  which  suggests  that  the  seven  membered  ring  in  4-5  is  more  electron  rich  than 
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cycloheptatriene  (4-1)  itself.^^  jq  ^^^^  ^hig  suggestion,  a  mixture  of  2-2  and  2-3  (  6:1; 
total  one  equiv.)  was  added  to  two  equiv.  of  4-3  in  CD2CI2  in  an  NMR  tube  at  room 
temperature  and  formation  of  4-5  and  4-6  was  monitored  by  ^H  and  ^ipfifi}  NMR 
(Scheme  4-3).  Within  experimental  detection,  both  platinum  complexes  showed  complete 
conversion  to  the  corresponding  Mo(CO)3  complexes,  although  at  different  rates.  Reaction 
of  4-5  was  complete  within  12  h  whereas  the  minor  isomer  required  four  days.  The 
reason  for  this  reactivity  difference  is  not  clear.  In  a  control  experiment  one  equivalent  of 
4-5,  4-6  was  mixed  with  three  equiv.  of  cycloheptatriene  and  monitored  as  above.  As 


Scheme  4-3 
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expected,  no  reaction  was  observed  even  after  one  week  at  room  temperature.  The  fact  that 
the  Mo(CO)3  moiety  transfers  from  4-3  to  2-2,  2-3  and  that  the  equilibrium  lies,  within 
detection,  exclusively  toward  the  more  sterically  hindered  reagents  is  clear  evidence  of  the 
greater  basicity  of  the  cycloheptadienyne  ring  in  the  bis(triphenylphosphine)plaanum 
complexes  when  compared  with  cycloheptatriene.  The  structure  of  complex  4-5  was 
determined  by  X-ray  single  crystal  analysis. 

X-Rav  Crystal  Structure  Analvsis  of  ('PPh2)2Pt  rTi2(r|^C7HA)Mo(CO)2l  C4-5) 

A  deep  red  crystal  suitable  for  X-ray  diffraction  study  was  obtained  from  a  mixture 
of  hexane  and  benzene  at  4  °C.  Thermal  ellipsoid  and  stereographic  drawings  of  4-5  are 
depicted  in  Figures  4-4  and  B-2  (Appendix  B)  respectively  while  selected  bond  lengths  and 
angles  are  listed  in  Table  4-1.  Crystal  data  and  final  fractional  atomic  coordinates  are 
provided  in  Tables  A-21  and  A-22,  respectively.  Complex  4-5  crystallized  in  monoclinic, 
centrosymmetric  space  group  P  2i/n.  The  geometry  around  the  Pt  atom  is  square  planar 
with  Pt  atom  coordinated  to  two  P  atoms  and  two  carbon  atoms  belonging  to  the  seven- 
membered  ring.  The  C1-C2  distance  is  1.292(14)  A  and  is  comparable  to  other  transition 
metal  cycloalkyne  complexes.26.60  gjx  carbons  (C1-C6)  of  the  seven  membered  ring  are 
almost  coplanar  (max.  deviation  from  the  least  square  plane  is  0.014  A  for  C4)  whereas  the 
C7  is  0.44  A  above  this  plane.  The  bond  angle  CI— C7— C6  of  107.8(10)o  is  consistent 
witii  C7  being  sp3  hybridized.  The  dihedral  angle  between  planes  defined  by  C1-C2-C3- 
C4-C5-C6  and  C1-C7-C6  is  150(l)o.  This  angle  is  significantiy  larger  than  the 
corresponding  angle  (from  128°  to  138o)90  found  in  any  other  reported  molybdenum 
cycloheptatriene  complexes.  It  is  thought  that  the  reason  for  this  difference  lies  in  the 
hybridization  at  CI  and  C2,  which  is  intermediate  between  sp  and  sp2.  Because  of  the  sp 
character  of  CI  and  C2  the  bond  angles  about  these  atoms  tend  to  be  larger  than  120° 
which  results  in  flattening  of  the  seven-membered  ring. 
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Ph41 


Ph31 


Ph51 


Figure  4-4.    Thermal  ellipsoid  drawing  of  complex  4-5.  Phosphine  phenyl  rings  are 
omitted  for  clarity. 
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Table  4-1.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  4-5. 

Bond  Lengths  (A) 


Pt   PI 

2.275(2) 

Pt    P2 

2.297(2) 

Pt    CI 

2.033(10) 

Pt     C2 

2.025(10) 

Mo— CI 

2.453(10) 

Mc^C2 

2.364(9) 

Mo— C3 

2.379(10) 

Mo— C4 

2.359(13) 

Mo— C5 

2.35(2) 

Mo— C6 

2.466(14) 

Mo— C8 

1.950(14) 

Mo— C9 

1.945(12) 

Mo— CIC 

) 

2.008(11) 

CI     C2 

1.292(14) 

CI     C7 

1.524(15) 

C2— C3 

1.422(14) 

C3— C4 

1.39(2) 

C4— C5 

1.40(2) 

C5— C6 

1.36(3) 

C6— C7 

1.50(2) 

Bond  Angles  (deg) 

PI     Pt 

P2 

102.42(8) 

PI     Pt 

-CI 

143.2(3) 

P2— Pt  - 

-CI 

114.4(3) 

P2     Pt 

C2 

151.2(3) 

CI  — Pt- 

-C2 

37.1(4) 

C2     Pt 

-PI 

106.2(3) 

C2— Cl- 

-C7 

133.9(11) 

C2     CI 

-Pt 

71.1(6) 

C3— C2 

-Pt 

152.0(8) 

C3     C2 

-CI 

134.2(10) 

C4-CS— C2 

121.6(11) 

C5     C4- 

-C3 

127.1(14) 

C6— C5— C4 

134.(2) 

C7     C6— C5 

129.7(14) 

CI     C7 

-C6 

107.8(10) 

M(>-C8— 01 

177.1(10) 

Mo— C9— C2 

175.7(11) 

Mo— CIO— C3 

176.9(8) 

Preparation  of  a  Bimetallic  Complex  of  Tropvne  C4-9') 

Successful  preparation  of  bimetallic  complexes  of  cycloheptadienynes  (4-5,  4-6) 
raised  the  question  of  whether  the  Mo(CO)3  fragment  can  also  be  transferred  in  the  same 
way  to  the  tropyne  complex  2-5.  The  properties  of  the  tropylium  ion  (vide  infra)  suggest 
that  such  a  Mo(CO)3  transfer  should  be  feasible  from  a  thermodynamic  standpoint.  It  has 
been  found^i  that  complex  [Mo(ti7-C7H7)(ti6-C6H6)]+  reacts  readily  with  nucleophiles 
causing  smooth  displacement  of  the  benzene  and  formation  of  new  tropylium  complexes 
[Mo(Ti7-C7H7)L3]+,  (L  =  MeCN,  PMe2Ph)  in  high  yields.  These  experiments  suggest  that 
the  tropylium  ion  may  be  bonded  more  strongly  than  arenes  to  molybdenum.  A  crystal 
structure92  of  Mo(ti'^-C7H7)(CO)3  shows  that  the  bond  length  between  molybdenum  and 
the  ring  carbon  is  one  of  the  shortest  (2.314  A)  found  in  arene  complexes  also  indicating  a 
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strong  bond  between  molybdenum  and  the  tropylium  ion.  A  model  reaction  was  carried  out 
in  order  to:  a)  determine  if  the  tropylium  ion  (4-7)  can  efficiently  displace  p-xylene  from 
complex  4-2,  and  b)  to  confirm  the  greater  bond  strength  between  M0-C7H7  relative  to 
M0-C6H6.  When  white  tropylium  ion  4-7  was  added  to  a  yellow  solution  of  4-2  an 
immediate  color  change  was  observed.  White  4-7  disappeared  in  a  few  minutes  and  a  dark 
orange  crystalline  precipitate  appeared.  After  1  h  of  stirring  the  solution  was  decanted  and 
the  precipitate  was  washed  several  times  with  hexane.  The  properties  (IR,  mp.)  of  the 
orange   complex    are   identical    to    authentic    Mo(ti7-C7H7)(C03)]+  (4-8)  which    was 

Scheme  4-4 
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syndiesized  by  a  literature  mediod^^  (Scheme  4-4).  With  this  result  in  hand  the  Mo(CO)3 
transfer  to  tropyne  complex  2-5  was  attempted  (Scheme  4-5).  Addition  of  a  mixture  of 
CD2CI2  and  THF-d^  to  one  equiv.  of  2-5  and  one  equiv.  of  (T|^-p-xylene)Mo(CO)3  (4-2) 
at  room  temperature  led  to  an  essentially  instantaneous  color  change  from  red  to  brown- 
red.  Comparison  of  the  NMR  spectra  of  this  solution  with  the  tropyne  complex 
synthesized  more  conveniently  by  hydride  abstraction  from  a  mixture  of  4-5  and  4-6  (vide 
infra)  confirmed  the  essentially  quantitative  yield  of  4-9  (Scheme  4-5).  Unfortunately,  we 
were  unable  to  grow  crystals  of  this  red-brown  solid  that  were  suitable  for  X-ray. 
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However,  the  bimetallic  complex  was  completely  characterized  by  multinuclear  NMR 
spectroscopy,  IR  and  HRMS.  In  the  ^H  NMR,  in  addition  to  PPhj  signals,  three  different 
resonances  are  displayed  in  the  range  of  5  5.55-6.1  ppm  (Figure  4-5)  with  the  one  at  5 
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5.55  ppm  showing  coupling  to  the  ^^^Pt  nucleus  (^Jhi-pi  =  36.7  Hz).  The  multiplicity  of 
these  three  signals  is  the  same  as  that  of  2-5  but  each  is  shifted  ca.  3  ppm  upfield  from  2- 
5.  Both  the  i^Ff^H)  and  the  ^ipfiR}  NMR  show  singlets  whereas  the  ^^^Pt  {iHj  NMR 
exhibits  a  triplet  centered  at  5  -4087.6  ppm  (Figure  4-6).  The  chemical  shift  of  the  ^^^Pt 
nucleus  in  4-9  is  308  ppm  upfield  from  the  corresponding  resonance  for  complex  2-5. 
The  IR  spectrum  displays  two  very  strong  bands  (2036,  1976  cm-i)  in  the  metal  carbonyl 
region.  These  stretching  frequencies  are  ca.  40  cm"^  lower  than  the  Mo(CO)3  complex  of 

the  tropylium  cation  (4-8)  which  is  consistent  with  a  somewhat  more  electron  rich  tropyne 
ring  (from  electron  donation  from  bistriphenylphosphineplatinum)53  relative  to  a  tropylium 
ion.  The  carbonyl  region  in  the  ^^Cl^H}  NMR  shows  only  one  peak,  even  at  -100  °C 
indicating  a  very  low  barrier  for  rotation  of  the  molybdenum  tricarbonyl  rotation  around  the 
molybdenum-seven-membered  ring  axis.  Complex  4-9  was  also  prepared  in  a  more 
traditional  way  by  hydride  abstraction  from  a  mixture  of  4-5,  4-6.  Complexes  4-5,  4-6 
reacted  rapidly  with  triphenylcarbenium  tetrafluoroborate  in  CDjC^  at  room  temperature  to 

give  4-9  in  high  yield  (90%,  confirmed  by  ^ipi^H}  and  ^H  I^fMR).  From  a  synthetic 
point  of  view  hydride  abstraction  from  4-5  and  4-6  was  more  convenient  then 
displacement  and  is  therefore  the  preferred  method  to  prepare  4-9. 

Hvdride  Reduction  of  rPPho^^Ptrr|2rTiI-r-,H^)Mn(rO}^n4-Qj^ 

One  of  the  few  reactions  studied  with  platinum  (2-5)^3  and  zirconium  (2-9)^^ 
tropyne  complexes  was  hydride  reduction  with  KBEt3H  and  LiAl(0t-Bu)3H.  These 

reactions  were  shown  to  produce  the  corresponding  cycloheptadienyne  complexes, 
however,  in  poor  yields.  We  decided  to  investigate  hydride  reduction  reactions  with  4-9  in 
order  to  determine  the  effect  of  a  coordinated  molybdenum  on  both  the  yields  and 
regiochemistry  of  reduction.  All  reduction  reactions  were  carried  out  by  adding  the 
reducing  agent  to  a  THF  solution  of  4-9.  Reduction  of  4-9  with  either  KBEtjH  or 
LiAl(0t-Bu)3H  was  very  clean  (ca.  95%  yield  as  shown  by  the  ^^P  NMR)  in  contrast  to 
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that  of  2-5  which  gave  a  complex  mixture  of  products.  The  reductions  gave  a  mixture  of 
three  products  (4-10:  4-6:  4-5  =  85:10:5  for  LiAl(0t-Bu)3H  and  71:21:8  for  KBEtjH) 

(Scheme  4-6).  The  two  minor  products  (4-5,  4-6)  were  identified  by  comparison  with 
authentic  samples  synthesized  as  described  above.  Their  formation  is  a  result  of  hydride 
addition  to  the  tropyne  carbons  indicated  by  arrows  a  (4-5)  and  c  (4-6)  (Scheme  4-6). 
Selective  formation  of  major  isomer  (4-10)  resulting  from  hydride  addition  to  a  tropyne 
carbon  indicated  by  arrow/?  was  unexpected  because  this  kind  of  cumulene  product  had  not 
been  observed  in  the  reductions  of  2-5^3  ^nd  2-9^"^.  The  cumulene  complex  4-10  was 

Scheme  4-6 
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isolated  by  crystallization  from  the  reaction  mixture  to  give  red  crystals  in  42%  yield.  Its 
^H  NMR  showed  six  different  resonances  with  two  showing  coupling  to  the  I95pt  nucleus 
(Figure  4-7).  One  of  these  signals  (at  6  3.85)  showed  coupling  to  one  of  the  methylene 
protons  and  was  therefore  assigned  to  H4.  Consequently,  the  other  signal  at  5  5.84  ppm 
was  assigned  to  HI.  The  remaining  signals  in  the  spectrum  were  assigned  based  on  a  2D 
cosy  experiment.  The  i95pt{iH}  and  3ip{iH}  NMR  (Figure  4-8)  appeared  as  doublets  of 
doublets  centered  at  5  -4420.2  (dd,  iJpt.p  =  3124  Hz,  ijpt.p-  =  3282.5  Hz)  and  a  pair  of 
doublets  at  5  23.81,  23.55  (d,  2jp..p..  =  9.2  Hz)  respectively  which  is  consistent  with  the 
CI  symmetry  for  4-10.  The  i^cfiH)  NMR  (Figure  4-9)  exhibited  a  broad  singlet  in  the 
carbonyl  region  which  decoalesced  at  lower  temperature  (-35  ^C)  to  three  resonances  of 
equal  intensity.  This  observation  indicates  that  the  molecule  is  fluxional  and  that  the  origin 
of  this  process  is  a  rapid  spinning  of  the  Mo(CO)3  fragment  around  the  metal-seven- 
membered  ring  axis.  The  IR  spectrum  showed  three  very  strong  peaks  in  the  carbonyl 
region  with  stretching  frequencies  (1947,  1870.8,  1847  cm-i)  which  are  lower  than  4-3 
(1970,  1908,  1856  cm-i)88  and  interestingly  even  lower  (ca.  10  cm-i)  than  4-5  (vide 
supra).  As  expected  4-9  readily  undergoes  hydride  abstraction  reaction  to  re-generate  4-9 
in  high  yield.  The  structure  of  4-10  was  further  confirmed  by  an  X-ray  diffraction  study. 

X-Rav  Crvstal  Structure  Analvsis  of  rPPh2)2Pt  rr|2(r|^C2H^)Mo(CO)2l  (4-W) 

Suitable  crystals  for  X-ray  diffraction  analysis  were  obtained  from  a  mixture  of 
benzene  and  hexane  at  -16  ^C.  Thermal  ellipsoid  and  stereographic  drawings  of  4-10  are 
depicted  in  Figures  4-10  and  B-2  (Appendix  B)  respectively  while  selected  bond  lengths 
and  angles  are  listed  in  Table  4-2.  Crystal  data  and  final  fractional  atomic  coordinates  are 
provided  in  Tables  A-26  and  A-27,  respectively.  Complex  4-10  crystallized  in  monocUnic, 
non-centrosymmetric  space  group  P2i  with  one  molecule  of  benzene  located  in  the  general 
position.  Complex  4-10  is  chiral  and  since  it  crystallized  in  a  non-centrosymmetric  space 


83 


Ph51 


Ph41 


Ph61 


Figure  4-10.    Thermal  ellipsoid  drawing  of  complex  4-10.  Phosphine  phenyl  rings  are 
omitted  for  clarity. 
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Table  4-2.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  4-10. 

Bond  Lengths  (A) 


Pt  PI 

2.287(5) 

Pt  P2 

2.293(6) 

Pt  CI 

2.084(13) 

Pt  C2 

2.01(2) 

Mo— CI 

2.36(2) 

Mo— C2 

2.38(2) 

Mo— C3 

2.33(2) 

Mo— C4 

2.40(3) 

Mo— C5 

2.45(2) 

Mo— C7 

2.50(2) 

Mo— C8 

1.98(2) 

Mo— C9 

2.03(3) 

Mo— CIC 

) 

2.05(3) 

CI  C2 

1.30(3) 

CI  C7 

1.33(2) 

C2  C3 

1.39(3) 

C3— C4 

1.42(3) 

C4— C5 

1.28(4) 

C5— C6 

1.58(4) 

Bond  Angles 

C6— C7 

(deg) 

1.52(3) 

PI  Pt 

P2 

106.7(2) 

PI— Pt- 

-CI 

141.3(8) 

P2— Pt- 

-CI 

111.0(7) 

P2  Pt 

C2 

148.0(5) 

Cl  — Pt- 

-C2 

37.0(9) 

C2— Pt- 

-PI 

105.0(5) 

C2— Cl- 

-C7 

139.(2) 

C2— Cl- 

-Pt 

68.4(9) 

CS— C2- 

-Pt 

152.(2) 

C3— C2- 

-CI 

130.(2) 

C4— C3— C2 

125.(2) 

C5— C4— C3 

125.(3) 

C6— C5— C4 

128.(2) 

C7  C6— C5 

115.(2) 

CI  C7 

-C6 

110.(2) 

Mo— C8— Ol 

176.(2) 

Mo— C9— 02 

178.(2) 

Mo— CIO— 03 

179.(2) 

group  only  one  enantiomer  can  be  present  in  the  crystal.  By  refining  both  enantiomers  with 
the  same  data  set  and  comparing  the  refinement  results,  we  were  able  to  determine  the 
absolute  configuration  of  the  complex  in  the  crystal.  The  geometry  around  the  Pt  atom  is 
square  planar.  The  platinum  atom  is  bonded  to  two  phosphorous  and  two  carbon  atoms. 
Six  carbon  atoms  belonging  to  the  seven-membered  ring  are  coplanar  (max.  deviation  from 
the  least  square  plane  is  0.053  A  for  C3)  whereas  C6  is  0.66  A  above  this  plane.  The 
dihedral  angle  between  the  planes  defined  by  C7-C6-C5  and  C7-C1-C2-C3-C4-C5  is  equal 
to  127(2)  oC.  This  value  is  in  the  normal  range  for  molybdenum  cycloheptatriene 
complexes. 90  ^  bond  length  analysis  could  not  be  made  due  to  low  data  quality. 
Unfortunately  all  attempts  to  get  better  data  sets  failed. 

Complex  4-10  is  of  particular  interest  because  the  1,2,3,5-cycloheptatetraene  ring 
has  not  been  previously  reported.  To  date  the  only  recorded  butatriene  confined  to  a  seven- 


85 

membered  ring  is  4-13  which  was  prepared  by  desilabromination  of  4-11  with  KF 
followed  by  isomerization.i^  As  described  in  chapter  2,  attempts  to  prepare  a  platinum 

Scheme  4-7 


SiMe, 


KF 


4-11 


4-12 


4-13 


complex  of  1,2,3,5-cycloheptatetraene  (2-4)  by  base  induced  p-elimination  from 
bromcyloheptatrienes  in  the  presence  of  Pt(PPh3)3  were  not  successful  (Scheme  2-l).27 
Hydride  reduction  of  the  tropyne  ligand  seems  to  be  the  best  way  to  generate  this  new  ring 
system. 

Some  Reactions  of  4-5.  4-6 

As  mentioned  above,  methods  that  were  successful  for  the  preparation  of  2-2  and 
2-3  failed  to  yield  2-4.  As  a  possible  source  of  2-4,  Mo(CO)3  removal  from  4-10  was 
therefore  explored.  From  the  outset  it  was  recognized  that  this  goal  provided  a  special 
challenge  since  any  reagent  used  to  effect  Mo(CO)3  displacement  must  either  be  inen  to 
platinum  or  give  a  non-productive  reaction.  1,10-phenanthroline  appeared  to  qualify  in  the 
first  category  because  it  does  not  displace  PPhg  from  platinum  but  is  known  to  react  with 
4-3  displacing  cycloheptatriene.84  Indeed,  upon  addition  of  1,10-phenanthroline  to  a 
mixture  of  4-5  and  4-6,  displacement  occurred  to  give  a  good  recovery  of  2-2  and  2-3 
(Scheme  4-1).  This  reaction  is  much  slower  (ti/2  for  4-5  at  room  temp.  =  ca.  2  days,  ti/2 
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for  4-6  =  ca.  6  days)  than  the  corresponding  reaction  with  4-3  which,  under  the  same 
conditions,  is  complete  within  minutes.  Unfortunately,  4-10  showed  no  detectable 
reaction  with  phenanthroline,  even  after  several  days  at  room  temperature.  Similarly, 
treatment  of  a  mixture  of  4-5  and  4-6  with  3.5  equiv.  of  PPhs  led  to  displacement  of 
Mo(CO)3  (presumably  concomitant  with  non-productive  PPhs  exchange)  but,  again,  much 
slower  than  displacement  from  4-3;  ti/2  =  ca.  3  days  at  n.  for  4-5and  ti/2  =  ca.  2  weeks 
at  rt.  for  4-6  while  reaction  with  4-3  was  complete  within  minutes.  However,  as  with  the 
phenanthroline,  4-10  showed  no  detectable  reaction  with  PPhs,  even  after  a  week  at  room 
temperature.  These  reactivity  differences  qualitatively  correlate  with  the  CO  absorptions  in 
the  infrared  which,  in  turn,  presumably  reflect  differences  in  triene  basicities.  In  addition, 
steric  resistance  from  the  (Ph3P)2Pt  moiety  might  also  retard  Mo(CO)3  displacement  from 
4-5,  4-6  and  4-10  relative  to  4-3. 


CHAPTER  5 

SYNTHESIS  AND  FLUXIONALITY  OF  A  BIMETALLIC  COMPLEX  OF 
1 ,2,4,6-CYCLOHEPTATETRAENE 


Introducrion 

Allenes  are  linear  organic  compounds  with  two  consecutive  and  orthogonal  k 
molecular  orbitals  (double  bonds).  There  is  a  large  number  of  transition  metal  complexes  in 
which  the  metal  is  coordinated  to  one  of  the  double  bonds  of  the  allene.'^i  The  number  of 
transition  metal  complexes  containing  reactive,  small  cyclic  allenes  is  however  very 
small.27.42^7.93  One  of  the  most  imponant  physical  properties  of  some  allene  complexes  is 
the  ability  of  the  transition  metal  to  migrate  between  the  double  bonds  of  the  allene  (1,2- 
metal  shift).  The  fluxional  behavior  of  allene  complexes  was  first  observed  by  Pettit  and 
Ben-Shoshan  in  1967  in  the  tetracarbonyliron  complex  of  tetramethylallene  and  was  shown 
to  be  an  intramolecular  process.^'*  Later,  other  allene  complexes  such  as  those  of  cationic 
Fe(II)95  and  neutral  Pt(n)96  ^vgre  found  to  undergo  intramolecular  fluxionality.  The  rate  of 
migration  in  allene  complexes  is  dependent  on  the  steric  congestion  around  the  allene  and 
the  metal  center  as  well  as  the  electron  density  on  the  metal  center.  Thus,  in  a  series  of 
PtCl2(tetramethylallene)(p-XC5H4N)  complexes  where  X  =  NH2,  Me,  Et,  H,  Br,  CN,  the 
rate  of  migration  was  found  to  increase  with  more  electron  withdrawing  groups  on  the 
pyridine  ligand  indicating  that  reduction  of  electron  density  at  the  platinum  center  decreases 
the  activation  energy  of  the  fluxional  process.^''  There  are  essentially  two  possible 
mechanisms  for  intramolecular  fluxionality  in  allene  complexes.  The  most  significant 
difference  between  these  two  mechanisms  is  that  chirality  of  the  allene  is  retained  in  the 
transition  state  in  one  (Vrieze-Rosenblum  mechanism)  whereas  in  the  other  one,  known  as 
the  allyl  cation  mechanism,  the  allene  loses  chirality  due  to  formation  of  a  planar  allyl  cation 
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in  the  transition  state.  The  former  mechanism  was  demonstrated  unequivocally  by 
Rosenblum  by  studying  the  dynamic  behavior  of  cationic  dicarbonyKri^-cyclopentadienyl) 
iron  complexes  of  allenes.^s  The  allyl  cation  mechanism  was  observed  by  Jones  in  the  case 
of  the  cationic  carbonyl(Ti5-cyclopentadienyl)  (triphenylphosphine)  iron  complex  of  1,2- 
cycloheptadiene  (l-53).46  and  was  shown  to  be  of  a  higher  energy  (5-6  kcal/mol)  than 
that  of  Vrieze-Rosenblum  mechanism.  Successful  detection  of  the  allyl  cation  mechanism 
was  possible  due  to  raising  of  the  ground  state  energy  (a  result  of  a  considerable  ring  strain 
energy  incorporated  in  1,2-cycloheptadiene)  of  the  allene  complex.  An  intermolecular 
mechanism  involving  dissociation-recombination  of  the  metal  from  the  allene  ligand  has 
been  observed  in  the  neutral  palladium  complex  (PPh3)2Pd(PhCH=C=CHPh).98 

One  allene  complex  that  has  been  extensively  studied  in  our  laboratory  in  recent 
years  is  bis(triphenylphosphine)platinum(l,2,4,6-cycloheptatetraene)'^3.5i,99  (I.5I)  which 
was  first  prepared  by  Jones  and  coworkers'*^  ^g  described  on  scheme  5-1.  Treatment  of 
three  isomers  of  bromocycloheptatriene  with  K-O'Bu  in  the  presence  of  Pt(PPh3)3 
generates  complex  1-51.  The  IR  NMR  spectrum  of  1-51  exhibits  six  different  protons 
indicating  that  the  molecule  is  not  symmetrical  with  respect  to  the  seven-membered  ring. 


Scheme  5-1 
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2-1  1-51 


89 

The  3ip{iH}  NMR   and  i95pt{iH}  NMR  spectra  show  two  doublets  and  doublet  of 
doublets,  respectively,  which  are  also  consistent  with    the  lack  of  symmetry    in  the 
complex.  The  absence  of  symmetry  in  the  1-51  indicates  that  if  the  molecule  is  fluxional 
(1,2-shift)  the  fluxional  process  is  slow  on  the  NMR  time  scale  because  otherwise  C2 
symmetry  would  be  observed  in  all  NMR  spectra.  The  fluxionality  of  complex  1-51  was 
studied  thoroughly  and  it  was  demonstrated  that  even  at  temperatures  as  high  as  105  ^C  no 
coalescence  of  proton  resonances  was  seen  in  the  ^H  NMR  spectrum.5i.59  This  indicated 
that  die  possible  fluxional  process  was  slow  even  at  high  temperatures.  A  one  dimensional 
NMR  technique  that  allows  detection  of  slower  exchange  processes  is  spin  saturation 
transfer  (SST).  The  main  idea  of  SST  is  to  saturate  specifically  one  of  the  exchanging  spin 
protons  and  observe  its  effect  on  the  remaining  resonances  in  the  spectrum.  The  SST 
technique  was  employed  to  study  the  fluxionality  of  complex  1-51.  Irradiation  of  proton 
HI  (Scheme  5-2)  at  room  temperature  did  not  affect  any  of  the  other  resonances.  However 
at  80  °C  the  transfer  of  saturated  spin  to  proton  H6  was  clearly  observed.  Kinetic  studies 
revealed  the  following  activation  parameters  for  the  fluxional  process:  AH*  =  26.8  ±  1.3 
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kcal/mol  and  ASt  =  13.1±  1.3  eu.^i  Taking  advantage  of  the  high  natural  abundance 
(33.8%)  of  magnetically  active  I95pt  and  the  spin  saturation  technique  the  researchers  were 
also  able  to  determine  that  this  fluxional  process  is  operating  by  a  dissociation- 
recombination  mechanism  (Scheme  5-2).  One  important  aspect  of  this  mechanism  is  that 
due  to  chirality  of  the  seven-membered  ring  allene  the  1,2-platinum  shift  must  be 
accompanied  by  a  change  in  the  face  of  the  seven-membered  ring  to  which  the  platinum  is 
coordinated.  When  the  bis(triphenylphosphine)platinum(0)  moiety  dissociates  from  the 
allene  ligand  it  may  return  either  to  its  original  face  of  coordination  (A)  without 
equilibrating  of  HI  and  H6  or  to  the  other  allene  double  bond  which  changes  the  face  of 
coordination  (C)  equilibrating  HI  and  H6  protons.  This  phenomenon  is  represented  in 
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Scheme  5-3.  Benzannelated  Pt(0)'*3  and  W(II)93  versions  of  1-51  have  also  been 
synthesized. 

Synthesis.  Spectroscopy  and  Fluxional  Behavior  of  5-1 

In  chapter  4  we  demonstrated  that  the  molybdenum  tricarbonyl  fragment  can  be 
successfully  transferred  from  p-xylene  to  the  seven-membered  ring  ligand  in  platinum 
complexes  of  cycloheptadienynes  (2-2  and  2-3)  and  tropyne  (2-5).  We  decided  to 
investigate  the  possibility  of  such  molybdenum  tricarbonyl  transfer  to  the 
cycloheptatetraene  ring  in  complex  1-51.  This  ring  has  three  uncomplexed  double  bonds 
that  could  presumably  be  utilized  in  molybdenum  coordination.  When  THF  was  added  to 
an  equimolar  mixture  of  1-51  and  (Ti^-p-xylene)Mo(CO)3  the  solution  that  resulted  after 
both  complexes  had  dissolved  changed  color  from  light  yellow  to  brown-red.  Attempts  to 
crystallize  any  product(s)  from  this  reaction  mixture  were  unsuccessful.  We  therefore 
decided  to  carry  out  this  reaction  in  an  NMR  tube  in  deuterated  solvents  and  monitor  it  by 
NMR  measurements.  The  NMR  tube  was  charged  with  equimolar  amounts  of  1-51  and 
(r|^-p-xylene)Mo(CO)3  followed  by  addition  of  0.3  ml  of  CD2CI2.  After  both  complexes 

had  dissolved  0.3  ml  of  THF-d^  was  added.  The  color  of  the  solution  began  to  darken  at 
once.  After  ca.  15-20  min.  the  ^H  NMR  revealed  total  consumption  of  1-51  and  formation 
of  a  new  complex  (85%  yield)  which  showed  spectral  properties  expected  of  the  desired 
bimetallic  allene  complex  5-1  (Scheme  5-4).  Interestingly,  complex  5-1  is  thermally 
unstable  and  decomposes  completely  within  24  h  at  room  temperature  (the  3ip{  iR}  NMR 
does  not  display  any  signals  with  platinum  satellites  which  means  that  no  single  platinum- 
phosphine  complex  either  survived  or  was  generated).  However,  at  -16  ^C  the  NMR 
sample  of  5-1  can  be  stored  for  two  weeks  with  litde  decomposition.  The  structure  of 
complex  5-1  was  assigned  on  the  following  grounds.  The  ^H  NMR  spectrum  (Figure  5- 
1)  exhibits  six  different  protons  three  of  which  (at  5  2.42,  3.12  and  4.57  ppm)  showed 
coupling  to  the  ^^^Pt  nucleus.  All  proton  resonances  were  shifted  upfield  relative  to  those 
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Scheme  5-4 
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of  complex  1-51.  Similarly,  as  discussed  in  chapter  4  an  upfield  shift  of  proton  signals 
was  observed  in  platinum  complexes  of  cycloheptadienynes  (4-5  and  4-6)  and  tropyne  (4- 
9)  after  the  molybdenum  tricarbonyl  fragment  was  attached  to  the  seven-membered  rings. 
The  i95pt{iH}  NMR  exhibited  a  doublet  of  doublets  at  5  -4476  ppm  (iJpt-p-  =  3180  Hz, 
ijpt-p"  =  3209  Hz)  which  is  170  ppm  downfield  from  the  value  obtained  for  1-51  (figure 
5-2).  The  3ip{iH}  NMR  displays  two  doublets  flanked  with  i^Spj  satellites  at  5  22.83 
and  24.99  ppm  (2jp..p»  =  17.5  Hz)  as  pictured  in  figure  5-2.  Both  resonances  are  shifted 
upfield  ca.  5  ppm  as  compared  to  those  of  1-51.  The  downfield  shift  in  the 
i95pt{iH}NMR  and  the  upfield  shift  in  the  3ip{iH}  NMR  of  5-1  as  compared  to  1-51 
are  exactly  the  features  observed  in  related  pairs  of  complexes  of  cycloheptadienynes  and 
tropyne  (2-2,  2-3,  2-5  versus  4-5,  4-6,  4-9).  The  I3c{  iH}  NMR  spectrum  of  5-1 
measured  at  room  temperature  or  -20  "C  does  not  display  any  signals  in  the  carbonyl 
region.  The  spectrum  obtained  at  -80  °C,  however,  reveals  three  carbonyl  signals  of  equal 
intensity.  This  observation  indicates  that  the  molecule  is  fluxional  and  that  the  origin  of  this 
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prcx:ess  is  a  rapid  spinning  of  the  Mo(CO)3  fragment  around  the  metal-seven-membered 
ring  axis.  For  further  characterization  of  5-1  we  decided  to  perform  a  2D  cosy  experiment 
in  order  to  assign  all  the  proton  resonances  in  the  ^H  NMR.  The  2D  cosy  spectrum  of  5-1 
is  shown  in  Figure  5-3.  The  resonance  at  5  2.42  ppm  is  assigned  to  proton  HI  for  two 
reasons.  First,  this  resonance  was  flanked  with  i^Spt  satellites  and  second  it  was  furthest 
upfield  in  the  spectrum  (it  is  well  established  that  the  resonance  of  the  allene  proton  closest 
to  the  platinum  atom  in  allene  complexes  is   shifted  the  most  upfield).27.43,59.ioo  -p^is 
resonance,  however,  does  not  have  any  crosspeaks  in  the  2D  cosy  spectrum  so  the 
assignment  of  proton  H2  cannot  be  certain.  The  absence  of  the  crosspeak  between  protons 
HI  and  H2  was  not  totally  unexpected  because  exactly  the  same  phenomenon  was 
previously  observed  in  complex  1-51.59  The  absence  of  coupling  between  protons  HI  and 
H2  in  1-51  was  explained  by  the  fact  that  the  bond  vectors  of  C-Hl  and  C-H2  are  almost 
orthogonal  to  each  other  as  shown  by  an  X-ray  crystal  structure  of  1-51.^9  We  believe  that 
a  similar  spatial  orientation  of  protons  HI  and  H2  is  present  in  5-1  explaining  the  absence 
of  a  crosspeak  in  the  2D  spectrum.  As  mentioned  before  there  are  three  protons  with  I95pt 
satellites  present  in  the  ^H  NMR  spectrum  of  5-1.  Because  of  the  close  proximity  of  H2  to 
the  platinum  center  the  H2  resonance  will  have  ^^Spt  satellites  (three  bond  coupling).  Thus, 
either  the  resonance  at  5  3.12  ppm  or  at  6  4.57  ppm  must  belong  to  H2  (the  peak  at  5  2.42 
ppm  was  already  assigned  to  HI).  In  order  to  resolve  the  H2  assignment  problem  an  NOE 
experiment  was  performed.  The  NOE  spectrum  of  5-1  measured  at  room  temperature  is 
displayed  in  Figure  5-4.  Selective  irradiation  of  proton  HI  gives  2%  NOE  enhancement  of 
the  peak  at  5  3.12  ppm;  therefore,  this  peak  is  assigned  to  H2  whereas  the  peak  at  5  4.57 
ppm  is  assigned  to  H6.  The  remaining  peak  assignments  in  the  spectrum  were  easily  made 
based  on  the  2D  cosy  experiment  (Figure  5-3).  In  addition  to  the  enhancement  at  3.12  ppm 
there  is  another  very  important  feature  in  the  NOE  spectrum  (Figure  5-4).  The  signal 
belonging  to  H6  is  inverted  in  the  same  way  as  HI.  This  means  that  saturated  spin  of  the 
proton  HI  was  somehow  transferred  to  the  proton  H6.  Such  spin  saturation  transfer  can 
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only  take  place  if  the  bis(triphenylphosphine)platinum  fragment  shifts  to  the  second  double 
bond  of  the  allene  unit  (Scheme  5-5)  (concomitant  with  a  shift  of  the  Mo(CO)3  moiety  to 
the   vacated  allene  7t-bond).  There  is   one  substantial  difference  in  dynamic  behavior 
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between  1-51  and  5-1.  During  the  fluxional  process  in  1-51,  the  platinum  migrates  from 
one  face  of  the  ring  to  the  other.  However,  in  5-1  the  fluxional  process  requires  the 
platinum  to  remain  on  the  same  face  with  the  consequence  that  the  chirality  of  the  ring  must 
be  lost  (Scheme  5-6).  It  is  well  known  that  chiral  cycloheptatetraene  (allene  form  -  A)  has  a 
lower  energy  than  its  C2  symmetry  valence  isomer  cycloheptatrienylidene  (carbene  form  - 
B)  (Scheme  5-7)ioi.  It  is  almost  inevitable  that  the  transition  state  for  the  fluxional  process 
in  5-1  has   similar  features  to  those  of  cycloheptatrienylidene.  There  are  two  possible 
transition  states  for  the  fluxional  process  for  complexed  seven  membered  ring;  one  inter- 
molecular  and  the  other  intra-molecular.  This,  in  turn,  leads  to  two  possible  transition  states 
for  fluxionality  of  5-1  (Scheme  5-8).  Unfonunately,  because  of  instrumental  difficulties 
we  were  unable  to  distinguish  between  these  two  possibilities.  It  is  imponant  to  point  out 
that  the  spin  saturation  transfer  in  5-1  takes  place  even  at  room  temperature  whereas  the 
same  process  in  1-51  required  temperature  at  least  as  high  as  60  oC.5i.59  To  double- 
check    this    observation    we  prepared  a  sample  of  1-51  and  carried  out  the  NOE 
experiment  in  the  same  solvent  mixture  (CD2CI2,  THF-d^;  1:1)  and  under  the  same 
conditions  (room  temperature,  same  NMR  spectrometer)  as  that  used  for  5-1.  As  expected 
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no  spin  saturation  transfer  was  observed.  This  means  that  the  rate  of  fluxionality  in  5-1  is 
faster  than  that  of  1-51  and  that  the  Mo(CO)3  fragment  must  be  responsible  for  lowering 
the  activation  energy  of  the  transition  state.  Again  instrumental  difficulties  did  not  permit  us 
to  perform  magnetization  transfer  experiments  and  carry  out  kinetic  measurements  to 
determine  the  activation  parameters  so  our  conclusions  regarding  the  relative  rates  of 
fluxionality  are  only  qualitative. 
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In  summary,  a  bimetallic  complex  of  1,2,4,6  -  cycloheptatetraene  was  prepared  and 
was  shown  to  exhibit  three  different  modes  of  fluxionality:  a)  platinum  1,2  -  shift  b) 
molybdenum  1,2  -  shift  and  c)  rotation  of  the  Mo(CO)3  fragment  along  die  axis  connecting 
the  molybdenum  atom  with  the  seven-membered  ring. 


CHAPTER  6 
RUTHENIUM  COMPLEXES  OF  A  1-SILAALLENE 

Introducrion 

Transition  metal  complexes  of  reactive  allenes  discussed  thus  far  have  been 
confined  to  carbocyclic  allenes  because  acyclic  allenes  are  usually  quite  stable 
compounds.i6  However  if  one  of  the  carbon  atoms  is  substituted  by  silicon,  the  reactivity 
increases  dramatically.  We  therefore  thought  it  would  be  interesting  to  see  if  complexes 
containing  a  silaallene  ligand  would  be  stable.  102 

Organosilicon  compounds  with  a  multiple  bond  to  a  silicon  have  received 
considerable  attention  in  recent  years,  i^'^  These  compounds  are  inherently  unstable  and  can 
only  be  isolated  in  pure  form  when  the  substituents  on  the  silicon-element  double  bond  are 
of  a  considerable  size.  A  few  stable  unsaturated  organosilicon  compounds  such  as 
silenes23,  disilenei04  silanimines.io^  phosphasilene.io^  and  arasilenesio^  have  been 
prepared  and  studied.  Less  attention  has  been  devoted  to  silicon  containing  compounds 
bearing  cumulated  double  bonds.  1-Silaallenes  have  been  postulated  as  reactive 
intermediates^i.ios  and  only  recently  stable  1-silaallenes  have  been  synthesized.i09-iio 
These  highly  hindered  silaallenes  (eg.  6-1,  6-2)  were  prepared  by  the  addition  of  lithium 
alkyls  or  aryls  to  the  P-carbon  atom  of  fluoroalkynylsilane  followed  by  elimination  of 
lithium  fluoride.  Interestingly,  these  compounds  are  resistant  to  air  and  water  under 
nonacidic  conditions  in  contrast  to  all  other  known  multiply-bonded  silicon  compounds. 
One  interesting  electronic  feature  of  1-silaallenes  as  shown  by  NMR  (29Si,  13C)  and  ab 
initio  calculations  is  the  absence  of  significant  Si=C  bond  polarization  as  compared  to 
silenes.  The  X-ray  crystal  structure  of  6-1  shows  an  almost  linear  (173.5°)  geometry  for 
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Scheme  6-1 
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the  silaallene  (6-1)  with  the  Si=C  bond  length  of  1.704(4)  A.109  it  has  been  demonstrated 
that  compounds  containing  silicon  element  double  bonds,  if  not  protected  by  bulky 
substituents,  can  be  stabilized  by  coordination  to  a  transition  metal  fragment.  Silene 
complexes  are  known  for  several  transition  metals  including  ruthenium,! ^^  iridium  (6- 
3),ii2  tungstenii3  and  iron.^i^  Disilene  complexes  have  been  prepared  for  platinum  (6- 
5),115  tungstenii^jn  and  molybdenum^ i^  whereas  the  complexes  of  silanimine^i^  are 
limited  to  only  one  example,  6-4.  Two  reviews  of  these  complexes  have  recently 
appeared.  119  The  reactivity  of  silene  complexes  has  not  been  studied  extensively.  It  has 
been  shown,  however,  that  reactions  of  silene  complexes  usually  lead  to  metal-silicon 
cleavage.  Platinum  disilene  complexes  react  with  a  variety  of  reagents  such  as  oxygen, 
ammonia  and  hydrogen  resulting  in  breakage  of  the  silicon-silicon  bond.  Analogous 
insertion  reactions  into  Si-Si  bonds  with  carbon  dioxide  and  trimethylsilylazide  have  been 
observed  in  molybdenum  and  tungsten  disilene  complexes.  All  of  the  synthetic  methods 
leading  to  the  preparation  of  silene,  disilene  and  silanimine  complexes  involve  formation  of 
the   silicon  element  double  bond   within  the  coordination  sphere  of  the  transition  metal. 
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One  common  approach  for  generating  a  reactive  organosilicon  fragment  at  the  metal  center 
involves  initial  preparation  of  a  a-complex  (A,  Scheme  6-3)  which  reacts  funher, 
depending  on  the  nature  of  the  transition  metal,  by  either  P-oxidative  addition  of  the  Si-H 
bond  or  by  p-hydride  elimination  from  silicon  to  form  the  final  product  (B).  In  spite  of  the 

Scheme  6-3 


H 

LnM  SiR2 

X 


X  =  CR2,  NR,  SiR2 


B 


R2 
Si 


LnMC^  I 


relatively  large  number  of  complexes  with  coordinated  silicon-element  unsaturated  ligands, 
to  date  no  examples  of  complexes  containing  a  silaallene  have  been  reported. 
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Prepararion  of  the  Precursor  to  a  1-Silaallene  Ligand 

Preparation  of  a  transition  metal  complex  of  a  1-silaallene  required,  first,  synthesis 
of  an  organosilicon  precursor  to  a  1-silaallene  ligand  and  second,  selection  of  an 
appropriate  metal  fragment.  We  decided  to  attempt  this  synthesis  by  the  approach  presented 
in  Scheme  6-3.  To  identify  appropriate  starting  materials  for  preparing  A  retrospective 
analysis^^^  was  utilized  (Scheme  6-4).  Complex  A  can  be  made  by  either  oxidative 
addition  of  a  Si-H  bond  or  by  (3-hydride  elimination  fi-om  a-complex  B.  Complex  B  can  be 
constructed  by  nucleophilic  substitution  of  a  metal  halide  by  a  vinyllithium  prepared  from 
bromide  D.   Finally,   compound  D   can   be   disconnected  to   ^em-dibromide  E   and 
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dialkylchlorosilane  F.  Initially,  we  focused  on  preparation  of  bromide  6-8.  gem- 
Dibromide  6-6,  which  was  prepared  in  two  steps  by  a  literature  method  from 
commercially  available  l-bromo-2,2-dimethylethylene,  was  treated  with  n-BuLi  at  -100  ^C 
in  THF  followed  by  slow  addition  of  dimethylchlorosUane.  This  reaction  was  carried  out  at 
the  very  low  temperature  to  prevent  LiBr  elimination  which  would  lead  to  vinylidene 
formation  followed  by  a  1,2-alkyl  or  aryl  shift.  Workup  gave  hydrosilane  6-8  as  a 
colorless  liquid,  however,  in  an  impure  state.  Difficulties  in  the  purification  of  6-8  led  us 
to  prepare,  instead,  its  analog  6-9.  The  advantage  gained  by  substituting  the  two  methyl 
groups  in  6-8  by  two  phenyl  rings  was  that  at  room  temperature  6-9  is  a  solid  which 
could  be  easily  purified  by  crystallization  from  hexane.  Hydrosilane  6-9  was  obtained  in 
about  50%  yield  and  its  identity  was  determined  by  spectroscopic  methods  (IR,  NMR, 
HRMS)  and  elemental  analysis.  The  most  characteristic  feature  in  the  ^H  NMR  of  6-9  is 

Scheme  6-5 
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the  silicon  hydride  resonance  which  appears  at  5  4.34  ppm  as  a  septet  (Vh-h  =  3.6  Hz) 
due  to  coupling  to  two  equivalent  methyl  groups.  The  ^H-coupled  29Si  NMR  of  6-9 
displays  a  doublet  of  septets  (Vsi-H  =  201.7  Hz,  Vsi-cifc  =  7.5  Hz)  at  5  -16.3  ppm.  The 
29Si  NMR  chemical  shift  of  6-9  appears  in  range  (-30  -  +20  ppm)  that  is  typical  of 
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hycirosilanes.121  por  the  metal  center,  zirconocene  was  initially  chosen  because  this  metal 
fragment  had  been  successfully  used  in  our  laboratory  for  the  preparation  of  coordinated 
reactive  cumulenes.'*'^>50  The  plan  (Scheme  6-6)  was  to  react  6-10  with  zirconocene 
dichloride  (6-11)  to  form  divinyl  zirconocene  (6-12).  B-hydride  elimination  from  6-12 
could  then  give  a  16e  complex  which  in  turn  could  react  with  PMes  to  generate  the  desired 
1-silaallene  complex  of  zirconocene  (6-13).  Addition  of  a  solution  of  6-10,  prepared  from 

I  equiv.  of  n-BuLi  and  1  equiv.  of  6-9  at  -78  ^C,  was  added  to  an  ether  suspension  of  6- 

II  at  -78  °C.  The  resulting  solution  was  slowly  warmed  to  room  temperature  and  the 
solvent  was  evaporated  in  vacuum.  The  ^H  NMR  of  the  remaining  residue  revealed  a 
complex  mixture  of  unidentified  products.  After  this  unsuccessful  attempt  to  prepare  6-13 
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we  were  drawn  to  Berry's  recently  reported  method  for  the  preparation  of  the  silanimine 
complex  6-4.118  j^is  method  involved  preparation  of  an  amido  complex  from 
zirconocene  chlorohydride  (Schwartz'  reagent)  and  an  appropriate  lithium  amide  followed 
by  hydride  substitution  with  a  bulky  aUcyl  group  to  facilitate  p-hydride  elimination.  This 
method,  however  also  failed  in  our  case.  Reaction  of  Schwartz'  reagent  with  6-10 
produced  a  complex  mixture  of  products.  At  this  point  we  turned  our  attention  to  Tilley's 
method  for  the  preparation  of  ruthenium  silene  complexes  (Scheme  6-7)  as  a  possible  way 
to  make  a  ruthenium  complex  of  a  1-silaallene.  This  method  involves  reaction  of  a 
hydrosilane  magnesium  salt  (6-14  or  6-15)  with  a  stable  16e  ruthenium  complex  (6-16, 
6-17)    generating,    presumably,    a    16e    a-complex    (6-18)    which    then     undergoes 
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intramolecular  oxidative  addition  of  Si-H  to  the  ruthenium  center  giving  silene  complexes 
(6-19  -6-22). 

Synthesis  and  Spectroscopy  of  6-24 

Reaction  of  one  equivalent  of  6-10  (generated  from  one  equiv.  of  6-9  and  n- 
BuLi)  with  0.7  equivalent  of  Cp*Ru(PCy)3Cl  (Cp*  =  CsMes)  (6-16)  in  ether  at  -60  oC 
followed  by  warming  to  room  temperature  resulted  in  formation  of  a  yellow-brown 
solution.  Ether  was  removed  in  vacuum  and  the  residue  was  extracted  with  two  small 
portions  of  hexane.  Crystallization  at  -16  °C  gave  6-24  in  42%  yield.  Complex  6-24  was 
characterized  by  multinuclear  NMR  spectroscopy,  mass  spectroscopy,  elemental  analysis 
and  single  crystal  X-ray  diffraction.  The  ^H  NMR  of  6-24  (Figure  6-1)  displays  phenyl 
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resonances  below  7  ppm,  a  sharp  singlet  at  5  1.66  ppm  assigned  to  Cp*  and  a  broad  signal 
around  1-2  ppm  corresponding  to  PCys.  The  most  characteristic  features,  however,  of  the 
^H  NMR  of  6-24  are  the  presence  of  two  non-equivalent  methyl  groups  (5  0.22  and  0.05 
ppm)  and  a  metal  hydride  doublet  (6  -11.53  ppm;  Vh-p  =11.5  Hz).  Close  inspection  of 
the  doublet  at  5  -1 1.53  ppm  reveals  a  pair  of  29Si  satellites  which  appear  at  5  -1 1.42  and 
-11.64  ppm  (Vn-si  =  66  Hz).  The  29Si{iH}  NMR  exhibits  a  doublet  at  5  -81.89  ppm 
with  a  coupling  constant  of  34.7  Hz  which  is  assigned  to  the  coupling  between  the  29Si  and 
3ip  nuclei.  In  the  ^H-coupled  29Si  NMR  spectrum,  a  broad  doublet  at  5  -81.89  ppm  was 
observed  with  a  coupling  constant  of  66  Hz.  This  is  the  same  value  as  the  one  obtained 
from  the  satellites  in  the  ^H  NMR  spectrum  and  confirms  their  origin  as  coupling  with 
silicon.  This  coupling  constant  of  66  Hz  is  too  large  for  two  bond  coupling  (Si-M-H) 
between  silicon  and  hydrogen.  For  example,  the  coupling  constant  between  silicon  and 
hydride  (^JsiPeH)  in  the  iron-silyl  complex  (CO)4FeH(SiPh3)  which  does  not  have  a  direct 
Si-H  bond  was  found  to  be  20  Hz.i22a  jhe  coupling  constant  in  6-24  (66  Hz)  falls  within 
the  range  (30-70  Hz)  reported  for  Ti^-hydrosilane  complexesi22  and  suggests  that  only 
partial  transfer  of  the  hydride  from  silicon  to  ruthenium  has  occurred  in  6-24.  This  result 
was  unexpected  and  surprising  especially  in  view  of  Tilley's  report^  ^^  that  hydrogen 
transfer  in  the  corresponding  silene  complex  6-19  is  complete.  The  ^H-coupled  29Si  NMR 
spectrum  of  6-19  shows^  a  multiplet  centered  at  5  6.14  ppm  with  a  maximum  coupling 
constant  of  ca.  21  Hz.  Since  the  29Si{  iH}  NMR  data  has  not  been  reported^ii  for  6-19  it 
is  not  clear  whether  the  origin  of  the  21  Hz  coupling  constant  is  due  to  Vsi-p  or  Vsi-H-  A 
similar  arrested  hydrogen  transfer  has  been  suggested  by  Wrighton  as  a  possible 
explanation   for  the   absence   of  an  Fe-H  IR  absorption   in   Cp*(CO)FeH('n2_ 
CH2=SiMe2).^i'*  A  similar  mode  of  interaction  has  also  been  found  in  a  series  of 
zirconocene  silaimido  complexes  123  although  the  degree  of  bonding  of  hydrogen  to  the 
metal  in  these  complexes  is  significantiy  less  than  in  6-24.  An  important  feature  of  the 
^^C{  ^H}  NMR  of  6-24  is  a  resonance  at  5  175.5  which  is  assigned  to  CI  and  is  displayed 
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as  a  doublet  due  to  coupling  to  the  phosphorous  nucleus  (^Jc-p  =  10.9  Hz).  The 
corresponding  carbon  in  1-siIaallene  (6-1)  appears  at  5  225.7.  It  is  interesting  to  note  that 
the  i^c  NMR  chemical  shifts  of  CI  in  free  and  complexed  silaallene  (6-1  and  6-24) 
closely  parallel  those  of  their  carbon  analogs.  This  is  somewhat  surprising  because  in  the 
case  of  stable  and  complexed  silenes,  the  resonances  of  the  carbon  bonded  to  the  sihcon  are 
shifted  considerably  upfield  when  compared  to  the  carbon  analogs.  For  example  the  ^^C 
chemical  shifts  for  the  ruthenium-bound  olefinic  carbon  atoms  in  Cp(PPh3)RuH(Ti2- 
CH2=CH2)i24  and  Cp*(Pi-Pr3)RuH(Ti2-CH2=SiPh2)"i  are  6  20.73  and  -29.04, 
respectively.  Finally,  the  fast  atom  bombardment  MS  of  6-24  exhibits  a  molecular  ion 
peak  at  754.3  (m+)  and  a  peak  at  515.2  from  loss  of  the  silaallene  ligand. 

X-Ray  Crystal  Structure  Analysis  of  6-24. 

Complex  6-24  was  crystallized  from  hexane  with  a  small  amount  of  toluene  at  -16 
°C.  It  crystallizes  in  a  triclinic  PI  space  group  together  with  one  half  of  a  toluene  molecule 
found  about  the  center  of  inversion.  A  thermal  ellipsoid  drawing  of  6-24  is  displayed  in 
Figure  6-2  while  a  stereoview  of  the  structure  is  shown  in  Figure  B-3  (Appendix  B). 
Selected  bond  lengths  and  angles  are  listed  in  Table  6-1.  Crystal  structure  data  and  final 
fractional  atomic  coordinates  are  provided  in  Appendix  A  in  Tables  A-31  and  A-32, 
respectively.  The  hydride,  which  was  located  from  a  Difference  Fourier  map  and  refined 
without  any  constraints  is  bonded  almost  symmetrically  between  the  Ru  and  Si  atoms 
[Ru — HI  =  1.58(5)  A,  HI — Si  =  1.70(3)  A]  and  clearly  confirms  the  suggested  arrested 
hydrogen  transfer  structure  pictured  in  6-24.  These  bond  distances  are  equal,  within 
experimental  error,  to  the  three  manganese  r|2-hydrosilane  complexes  reported  by 
Schubert.  122  Despite  the  arrested  hydrogen  transfer  structure,  the  bond  length  of  the 
coordinated  Si=Cl  in  6-24  [1.805(6)  A]  is  equal  to  the  corresponding  bonds  in  silene 
complex  6-19  [1.78(2)  A]  and  in  other  silene  metal  complexes  such  as  Cp*(PMe3)Ir(ri2- 
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Figure  6-2.    Thermal  ellipsoid  drawing  of  complex  6-24.  Phosphine  cyclohexyl  rings  are 
omitted  for  clarity. 
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Table  6-1.     Selected  Bond  Lengths  (A)  and  Angles  (deg)  for  Complex  6-24. 

Bond  Lengths  (A) 

Ru— P  2.3619(12)  Ru— Si  2.507(2) 

Ru— HI  1.58(5)  Ru— CI  2.113(4) 

Si— HI  1.70(3)  Si— C3  1.861(5) 

Si— CI  1.805(6)  Si— C4  1.878(6) 

CI— C2  1.351(6) 

Bond  Angles  (deg) 

P— Ru— Si  98.39(5)  Si— Ru— CI  45.0(2) 

P— Ru— CI  93.37(11)  C2— CI— Si  128.6(4) 

Si— HI— Ru  100.(2)  Ru— CI— Si  79.1(2) 

CI— Si— C3  118.2(3)  CI— Si— C4  123.5(2) 

CI— Si— Ru         55.84(13)  CI— Si— HI  92.(2) 

C3— Si— C4         103.8(3)  Ru— Si— HI  38.(2) 

C2— CI— Ru        150.2(4)  HI— Ru— CI  85.0(12) 

HI— Ru— Si         41.9(12) 
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Figure  6-3.  Comparison  of  bond  lengths  and  angles  between  complexes  6-24  and  6-19. 
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CH2=SiPh2)ii2  [1.810(6)  A]  and  Cp2W(Ti2-CH2=SiMe2)ii3  [1.800(8)  A].  In  view  of 
significant  differences  in  other  bond  lengths  and  angles  (vide  infra),  this  is  somewhat 
surprising  although  it  may  simply  be  coincidental  since  incomplete  hydrogen  transfer 
would  be  expected  to  lengthen  the  CI — Si  bond  while  the  hybridization  on  the  central 
carbon  of  the  allene  moiety  should  shorten  it.  As  expected,  this  bond  length  is  longer  than 
the  corresponding  bond  in  free  l-silaallenei09  [1.704(4)  A]  and  stable  silenes^s  but  shorter 
than  normal  Si — C(sp2)  single  bonds  which  appear  in  the  range  of  1.85-1.90  A.125  The 
CI — C2  bond  length  [1.351(6)  A],  corresponds  to  a  typical  localized  carbon-carbon  double 
bond.  The  Si — CI — C2  angle  is  128.6(4)o  which  suggests  considerable  sp2  hybridization 
at  CI.  The  Ru — CI  bond  length  of  2.113(4)  A  is  significantly  shorter  than  the 
corresponding  bond  in  6-19  [2.25(2)  A]  (different  hybridization)  while  the  Ru— Si  bond 
is  significantly  longer  [2.507(2)  A  vs.  2.382(4)  A]  as  expected  of  a  three-center  two- 
electron  bond.  Finally,  the  Ru — CI — Si  angle  of  6-24  is  nearly  7^  larger  than  in  the  silene 
complex  6-19  [79.1(2)o  vs.  71.3(7)o].  A  comparison  of  bond  lengths  and  angles  of 
complexes  6-24  and  6-19  is  presented  in  Figure  6-3.  All  of  the  physical  data  are 
consistent  with  significantly  different  structures  for  the  1-silaallene  complex  6-24  and  the 
silene  complex  6-19. 

The  chemistry  of  6-24  and  silene  complexes  (6-19  -  6-22)m  also  show 
significant  differences.  For  example,  whereas  6-20  decomposes  when  warmed  in  solution 
at  23  oC  (ti/2  =  5  h),  6-24  is  completely  stable  when  warmed  in  C^Dg  at  45  oC  for  one 
day.  Also,  unlike  6-19  which  was  rigorously  shown  to  undergo  reversible  hydrogen 
transfer  to  silicon  and  also  rotation  (by  an  unknown  mechanism)  of  the  carbon-silicon  bond 
followed  by  hydrogen  transfer  to  carbon,  6-24  shows  no  evidence  of  either.  Reactions  of 
6-19  and  6-24  with  phosphines  also  differ  (Scheme  6-9).  Warming  6-19  with  PMe2Ph 
gives  a-complex  6-25, m*'  while  warming  6-24  with  the  same  phosphine  gives  a  product 
in  80%  yield  whose  spectroscopic  features  are  consistent  with  simple  ligand  exchange 
product  (6-26).  The  spectroscopic  features  of  6-26  are  similar  to  those  of  6-24.  In 
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addition  to  phenyl,  Cp*  and  phosphine  resonances  the  ^H  NMR  displays  two  singlets  at  5 
0.35  and  -0.27,  which  are  assigned  to  nonequivalent  methyl  groups  on  silicon  and  a 
characteristic    high  field  doublet  at  5  -10.70  (Vh-p  =  13.4  Hz).  The   29si{iH}  NMR 

Scheme  6-9 
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exhibits  a  doublet  at  5  -78.9  with  a  coupling  constant  between  the  silicon  and  phosphorous 
nuclei  of  18.9  Hz.  The  ^H-coupled  29Si  NMR  shows  a  broad  doublet  at  5  -78.9  (Vsi-H  = 
57  Hz).  From  the  large  coupling  constant  (57  Hz)  between  silicon  and  hydride  in  6-26  it  is 
evident  that  the  silaallene  bonding  has  not  changed  as  compared  to  6-24.  Complex  6-19 
was    also    shown^''  to  react  with  CO  to  give  two  a    complexes,    Cp*(Pi- 
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Pr3)(CO)RuCH2SiHPh2  and  Cp*(Pi-Pr3)(CO)RuSiPh2CH3  while  6-24  showed  no 
reaction  under  similar  conditions;  heating  led  to  decomposition  to  multiple  products. 

We  have  found  that  6-24  catalyzes  dimerization  of  phenylacetylene  (head  to  head; 
62%)  and  1-hexyne  (head  to  tail,  57%)  to  give  butenynes  (Scheme  6-10).  The  former  gives 
predominately  the  Z  isomer  (95:5).  The  stereochemistry  of  this  dimerization  is  somewhat 
unusual  since  most  known  catalysts  for  this  process  give  a  preponderance  of  the  E 
isomer.  126  However,  similar  stereochemistry  including  a  detailed  mechanistic  study  was 
recently  reported  for  the  dimerization  of  phenylacetylene  with  R3PRu(OCPh)2.i27 
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The  most  intriguing  question  that  the  structural  and  chemical  information  for  6-24 
led  to  was  why  this  complex  differs  so  significantly  from  silene  complex  6-19.  To 
compare  these  two  complexes,  we  note  that  they  differ  in  three  significant  ways:  1)  the 
exocyclic  methylene  in  6-24,  2)  the  substituents  on  phosphorus  [PCyj  or  PMe2Ph  vs.  P(i- 
Pr)3]  and  3)  the  substituents  on  silicon  (Me  vs.  Ph).  In  order  to  examine  the  possible 
influence  of  phosphorus  or/and  silicon  substitutuents  on  the  structural  preferences 
preparation  of  other  ruthenium  1-silaallene  complexes  was  considered.  First,  to  see  if 
phosphorus  substitution  causes  the  difference  in  bonding  between  6-19  and  6-24 


117 


preparation  of  a  1-silaallene  complex  in  which  PCys  is  replaced  by  P-iF*r3  was  undertaken. 
The  desired  complex  6-27  was  prepared  in  ca.  35%  yield  by  the  same  method  used  for  6- 
24  (Scheme  6-8)  using  Cp*(Pi-Pr3)RuCl  (6-17)  as  the  starting  material.  The  ^H  NMR  of 
6-27  (Figure  6-4)  exhibits  very  similar  features  as  those  of  6-24  and  6-27.  The  hydride 
resonance  appears  at  5  -1 1.67  as  a  doublet  {Vu-P  =15  Hz).  In  addition  to  other  signals  the 
13C{1H}  NMR  (Figure  6-5)  displays  a  doublet  at  5  173.98  for  CI  (Vc-p  =  10.1  Hz),  a 
doublet  at  6  89.82  (Vc-p  =1.9  Hz)  assigned  to  the  ring  carbon  of  Cp*  and  a  doublet  at  5 
28.03  OJq-P  =  16.4  Hz)  assigned  to  the  methine  carbon  of  P-iPrs.  The  chirality  of  the 
metal  center  is  reflected  in  the  presence  of  two  diastereotopic  methyl  groups  of  P-iPrs 
which  appear  at  5  20.82,  19.51.  The  3ip{iH}  NMR  shows,  as  expected,  a  singlet  at  5 
65.47.  The  29si{iH}  NMR  of  6-27  displays  a  doublet  at  6  -83.05  (Vsi-P  =  16.3  Hz). 


Ph  Br 


6-27  6-28 


The  IH-coupled  29si  NMR  shows  a  broad  doublet  with  a  coupling  constant  between 
silicon  and  hydride  of  62.2  Hz  (Figure  6-6).  This  value  is  indicative  of  bridging  hydride 
which  means  that  phosphorus  substitution  is  not  a  an  essential  factor  determining  the 
bonding  mode  of  the  coordinated  1-silaallene.  To  examine  the  influence  of  silicon 
substitution,  6-28  with  phenyl  groups  on  silicon  was  prepared.  Compound  6-28  was 
synthesized  in  an  analogous  way  to  6-9  in  53%  yield  after  crystallization.  Unfonunately, 
all  attempts  to  prepare  1-silaallene  complexes  by  reacting  the  lithium  salt  derived  from  6-28 
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(prepared  by  n-butyl  lithium  exchange  with  6-28)  with  either  6-16  or  6-17  failed.  Even 
with  a  two- fold  excess  of  the  lithium  salt  over  the  ruthenium  chloride  (6-16  or  6-17),  the 
very  characteristic  deep  purple  color  of  6-16  or  6-17  remained  after  a  few  hours  of 
stirring  at  room  temperature  indicating  a  lack  of  reaction.  Possibly,  the  absence  of  reactivity 
of  a  the  lithium  salt  (derived  from  6-28)  towards  6-16  or  6-17  is  due  to  its  increased 
steric  congestion. 

Even  though  we  are  unable  to  examine  the  effect  of  the  silicon  substitution  on  the 
bonding  in  1-silaallene  complexes  we  suspect  that  the  greatest  influence  on  the  structural 
differences  between  the  silene  complex  (6-19)  and  the  1-silaallene  complex  (6-24)  arises 
from  the  presence  of  the  exocyclic  methylene  in  6-24.  The  hybridization  of  carbon  CI  in 
6-24  shoud  be  intermediate  between  sp  and  sp^  which  tends  to  expand  the  Si-C-Ru  bond 
angle.  This  distortion  from  preferred  values  induces  a  strain  which  is  relieved  by 
lengthening  the  remote  ruthenium  silicon  bond.  This  lengthening  is  then  accomplished  by 
arresting  die  hydrogen  transfer. 

If  the  strain  in  the  metalacycle  of  6-24,  6-26,  6-27  is  the  main  cause  of  three- 
center  2e  bonding  formation,  then  it  might  be  possible  to  force  such  a  bonding  mode  in 
silene  complexes  by  incorporating  a  spiro  ring  into  the  metalacycle.  It  is  well  known  that 
the  H-C-H  bond  angle  in  cyclopropane  is  substantially  larger  than  109°.^  We  reasoned 
that  if  a  cyclopropane  ring  were  part  of  a  silene  ligand  then  the  newly  formed  spiro 
metalacycle  would  be  strained  due  to  distortion  of  cyclopropane  bonds,  a  strain  which 
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might  result  in  formation  of  a  three-center  2e  bonding.  It  would  therefore  be  very 
interesting  to  determine  if  such  a  ruthenium  silene  complex  preferred  a  "classical"  structure 
(6-29)  or  a  bridging  hydride  structure  (6-30).  Synthesis  of  appropriate  silene  ruthenium 
complex  which  would  have  a  cyclopropane  ring  as  part  of  the  silene  ligand  was  therefore 
attempted.  Compound  6-31  was  prepared  by  addition  of  dibromocarbene  to  trans- 
stilbene.128  Treatment  of  6-31  with  n-BuLi  at  -110  ^C  followed  by  addition  of 
dimethylchlorosilane  gave  6-32  in  70%  yield  (Scheme  6-11).  Compound  6-32  was 

Scheme  6-11 


Br.     Br 


l)n-BuLi,-110°C 
1 

2)  Me2SiHCl 


MejHSi^    ,Br 


6-31 


6-32 


characterized  by  multinuclear  NMR  spectroscopy,  HRMS  and  elemental  analysis.  Addition 
of  n-BuLi  to  6-32  gave  the  corresponding  lithium  salt,  as  was  shown  by  quenching 
experiments.  However  the  lithium  salt  derived  from  6-32  failed  to  react  with  either  6-16 
or  6-17.  It  appears  that,  as  was  suggested  to  be  the  case  for  6-28,  the  ligand  is  too 
crowded  for  efficient  reaction  to  take  place. 


CHAPTER? 
EXPEROMENTAL 

Materials  and  Methods 

All  experiments  involving  organometallic  compounds  were  carried  out  under  an 

atmosphere  of  purified  N2  using  Schlenk,  vacuum  line  and  dry  box  techniques.  Solvents 

were  distilled  under  nitrogen  prior  to  use;  toluene,  THF  and  Et20  from  sodium 

benzophenone  ketyl,  hexane  from  sodium  benzophenone  ketyl/tetraglyme  mixture, 

methylene  chloride  from  CaH2.  Potassium  t-butoxide,  tetrafluoroboric  acid,  hydrogen 

bromide  (30  wt.%  solution  in  acetic  acid),  potassium  triethylborohydride  (1.0  M  solution 

in  THF),  tetracyanoethylene,  t-butylisocynate  and  triphenylcarbenium  tetrafluoroborate,  n- 

BuLi,  PMeiPh  and  Me2SiHCl  were  purchased  from  Aldrich  Chemical  Company  and  1,2- 

bis(dicyclohexylphosphino)ethane  was  purchased  from  Strem  Chemicals.  All  compounds 

were  used  as  received.  NMR  spectra  were  measured  on  a  Varian  XL-300  (FT  300  MHz, 

IH;  75  MHz,  13C;  59  MHz,  29si;  282  MHz,  19F;  121  MHz,  3ip;  64  MHz,  I95pt).  IR 

NMR  and  ^3C{1H}  NMR  spectra  were  referenced  to  the  residual  solvent  peaks  and  are 

reported  in  ppm  relative  to  tetramethylsilane.  29Si  NMR  spectra  were  referenced  to  external 

TMS.  19F  NMR  spectra  were  referenced  to  external  CFCI3.  3ip{  iH}  NMR  spectra  were 

referenced  to  external  85%  H3PO4  in  DjO.  i95pt{  ih)  NMR  spectra  were  referenced  to  an 

external  saturated  solution  of  Na2PtCl6  in  DjO.  Infrared  spectra  were  measured  in  KBr 

pellets  on  a  Perkin  Elmer  1600  FTIR  spectrometer.  Mass  spectra  (positive  FAB)  were 

obtained  on  the  Finnigan  Mat  95Q.  Elemental  analyses  were  performed  in  the  microanalysis 

lab  in  the  Chemistry  Department  at  the  University  of  Florida.  Melting  points  were  measured 

in  open  capillaries  and  were  not  corrected.  The  following  compounds  were  prepared  as 
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described  in  the  literature  without  any  modification:  Pd(PPh3)3i29^  bromocycloheptatrienes 
(2.1),130  Pt(PPh3)3,i3i  4-bromotropone  (3-7),63  lO-bromodibenzosuberone  (3-9),i32 
10,11-dibromodibenzodihydrooxepin  (3-16), ^33  10,11-dibromodibenzocycloheptane  (3- 
17),134  Cp*(PCy3)RuCl  (6-16),i35  Cp*(Pi-Pr3)RuCl  (6-17),i35  l,l-dibromo-2,2- 
diphenylethylene  (6-7),i36  ij-dibromo-2,3-diphenylcyclopropane  (6-32)128. 

Synthesis 


Attempted  preparation  of  (1.2-'n^-1.2.4.6-cycloheptatetraene)-bis('triphenylphosphine) 
palladium  (2-111 


Tris(triphenylphosphine)palIadium  (0.5  g,  0.56  mmol)  and  potassium  t-butoxide 
(69  mg,  0.616  mmol)  were  dissolved  in  a  min.  amount  of  THF.  To  this  solution  105.4  mg 
(0.616  mmol)  of  bromocycloheptatrienes  in  3  ml  of  THF  was  added  over  2  hr.  The 
reaction  mixture  was  subsequently  stirred  for  another  20  hr.  and  then  the  solvent  was 
evaporated  in  vacuum.  The  crude  material  was  dissolved  in  C6D6  and  the  ^H  NMR  showed 
that  no  2-11  was  formed.  Instead  a  very  high  yield  of  heptafulvalene  was  observed. 


Preparation  of  (1 .2-Ti2-cvclohepta-3.5-diene- l-vne)bis(triphenylphosphine)palladium  (2- 
12)  and  (1.2-'r|2-cyclohepta-3.6-diene-l-yne)bis(triphenylphosphine)palladium  (2-13) 

Tris(triphenylphosphine)palladium  (0.5  g,  0.56  mmol)  and  LDA  (100  mg,  0.934 
mmol)  were  dissolved  in  a  min.  amount  of  THF  (ca.  16  ml).  To  this  solution  was  added 
very  slowly  (1  hr.)  160  mg  (0.934  mmol)  of  bromocycloheptatriene  (mixture  of  three 
isomers)  in  3  ml  of  THF  at  room  temperature.  After  addition  was  complete  the  mixture  was 
stirred  for  one  hr.  and  then  the  solvent  was  removed  in  vacuum.  The  residue  was  dissolved 
in  14  ml  of  toluene.  To  this  solution  36  ml  of  hexane  was  added  and  the  solution  was 
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filtered  through  a  cannula.  The  filtrate  was  set  aside  in  the  ft-eezer  (-16  °C)  for  two  days  to 
give  210  mg  (52%  yield)  of  pure  2-12  and  2-13.  m.p.  114-115  °C  (dec).  IR(KBr): 
3053,  3001,  1769  (Coordinated  C=C),  1478,  1433,  1307,  1181,  1093,  1026,  744,  696 
cm-i.  iH  NMR  data  for  2-12  -  iR  NMR  (C6D6):  5  7.6-7.8  and  6.95-7.1  (m,  PPhj),  5.96 
(m,  IH,  H5),  5.8  (m,  2H,  H3  and  H4),  5.23  (m,  IH,  H2)  3.7  (d,  2H,  Vhi-H2  =  3.6  Hz, 
HI).  IH  NMR  data  for  2-13  -  iH  NMR  (CgDg):  5  7.6-7.8  and  6.95-7.1  (m,  PPh3),  6.74 
(d,  2H,  3/h3'-H2'  =  8.1  Hz,  H3'),  5.15  (m,  2H,  H2'),  2.65  (t,  2H,  3/Hr-H2'  =  6.3  Hz, 
HI).  13C{1H}  NMR  (CfiDg):  5  137.65  (m,  PPhj-ipso),  134.36,  (dd,  7c-P  =  15.1,  Jq-P  = 
4.5  Hz,  PPhs),  129.11  (s,  PPhs),  128.26  (d,  Jq-P  =  9.4  Hz,  PPhs),  127.26  (d,  /c-P  =  9 
Hz),  126.4,  123.78  (t,  7c-P  =  9.5  Hz),  120.34  (m),  114.89  (m),  114.1  (d,  Jq-p  =  4  Hz), 
113.23  (d,  Jc-p  =  4.8  Hz),  30.31,  29.72  (t,  Jq-P  =  9.4  Hz).  3ip{iH}  NMR  (CgDg):  5 
31.52  (s,  complex  2-13),  31.20  (d,  Vp.p  =  4.6  Hz),  30.77  (d,  2jp.p  =  4.6  Hz).  HRMS 
(FAB)  calcd.  for  (M-(-l)+:  721.1405.  Found:  721.1528.  Anal,  calcd.  for  C43H36P2Pd:  C, 
71.62;  H,  5.03.  Found;  C,  71.77;  H,  5.07. 


Preparation  of  (1.2-ri2-tropvne)-bis("triphenvlphosphine)palladium  (2-16) 

An  NMR  tube  equipped  with  a  joint  and  a  stopcock  (mini  Schlenk  tube)  was 
charged  with  70  mg  (0.097  mmol)  of  2-12  and  2-13.  This  complex  was  dissolved  in  0.2 
ml  of  CD2CI2  and  subsequently  the  solution  was  frozen  in  liq.  N2.  To  this  apparatus  33 
mg  (0.098  mmol)  of  triphenylcarbenium  tetrafluoroborate  dissolved  in  0.4  ml  of  CD2CI2 
was  added  via  a  syringe  and  this  solution  was  frozen.  While  keeping  the  mixture  under  a 
nitrogen  atmosphere  it  was  allowed  to  warm  up  to  -78  ^C.  After  the  mixture  had  become 
homogeneous  it  was  frozen  in  liq.  N2,  the  apparatus  was  evacuated  and  the  NMR  tube  was 
sealed.  This  NMR  tube  was  then  warmed  to  -78  "C  in  a  dry  ice  bath  before  NMR 
measurements  which  were  performed  at  -90  oc.  iH  NMR  (CD2CI2):  5  8.52  (t,  IH,  Vhi- 
H2  =  9.6  Hz,  HI),  8.32  (t,  IH,  Vh2-H1,3  =  7.8  Hz,  H2),  7.83  (d,  Vh3-H2  =  6.3  Hz,  H3), 
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7.0-7.5  (m,  30H,  PPhj).  13C  {iR}  NMR  (CD2CI2):  5  173.34  (dd,  2/c4-Ptrans  =  85.3  Hz, 
2JC4-Pcis  =  4.2  Hz,  C-ipso),  149.67  (s,  br,  C2),  143.05  (s,  C3),  139.47  (t,  ^Jc3.p  =  10.2 
Hz,  CI),  133.35  (t,  /c-P  =  6.8,  PPh3),  131.91  (m,  PPhj-ipso),  130.29  (s,  PPhg),  128.33 
(t,  Jc-P  =  4.6,  PPh3).  3ip  {IH}  NMR  (CDjClj):  5  24.32  (s).  19f  NMR  (CDjClj):  5 
-151.84  (s).  The  spectra  for  2-16  are  almost  identical  to  those  of  the  platinum  analog  (2- 
5);  therefore  peak  assignments  in  the  ^^c  NMR  for  2-16  were  based  on  simple 
comparison  with  2-5. 

Preparation  of  f2.3.4.6-cvcloheptatetraeneone)bis("triphenvIphosphine')platinum  (3-8) 

To  a  solution  of  Pt(PPh3)3  (0.3  g,  0.306  mmol)  and  K-QtBu  (0.068  g,  0.612 
mmol)  in  10  ml  of  THF  was  added  very  slowly  4-bromotropone  (0.093  g,  0.5  mmol)  in  2 
ml  of  THF  at  n.  After  stirring  the  mixture  for  half  an  hour  the  solvent  was  evaporated  and 
the  residue  was  extracted  with  5-10  ml  of  toluene.  To  this  mixture  was  added  3  ml  of 
hexane  and  the  yellow  solution  was  filtered.  To  the  filtrate  30  ml  of  hexane  was  added 
causing  precipitation  of  yellow  crystals  (Pt(PPh3)3).  The  solution  was  filtrated  and  the 
filtrate  was  put  in  the  refrigerator.  After  one  week  yellow-brown  crystals  had  formed;  13 
mg  (yield  5  %).  IR(KBr):  3052  w,  1654  w,  1587.8,  1548.5,  1479.6,  1435.2,  1095.1, 
744.3,  693.7,  521cm-i.  iR  NMR  (CeHe):  7.4  (m,  12H),  7.31  (dd,  IH,  3/^1.^2=12.2 
Hz,  H1XVhi-H4=2.5  Hz),  7.01  (m,  IH,  H4),  6.86  (m,  18H),  6.7  (ddd,  IH,  37h2-hi 
=12.3  Hz,  3JH2.H3  =6.2  Hz,  47h2-H4  =2.5  Hz,  H2),  6.31  (t,  IH,  3yH3-H2  =6-2  Hz,  3yH3-Pt 
=58.5  Hz,  H3).  3ip  NMR  (CgHg):  27.22  (d  ,  i/p.pt  =3043.1  Hz,  Vpi.p2=14.7  Hz), 
26.97  (d,  lyp.pt  =3085.5  Hz,  2ypi.p2=14.7  Hz),  HRMS  (FAB)  calcd.  for  (M+l)+: 
824.181.  Found:  824.173. 
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r(10.11-Didehvdro(iibenzotropone')bis(triphenvlphosphine)1  platinum  ■!.C5H5CH3  G-IO) 

Pt(PPh3)3  (0.3  g,  0.306  mmol)  and  K-O'Bu  (0.068  g,  0.612  mmol)  were  disolved 
in  10  ml  of  THF.  To  this  solution  was  added  very  slowly  10-bromodibenzosuberone 
(0. 142  g,  0.5  mmol)  in  2  ml  of  THF  at  room  temperature.  After  stirring  the  mixture  for  Ih 
the  solvent  was  evaporated  and  the  residue  was  extracted  with  5-10  ml  of  toluene.  To  this 
mixture  was  added  3  ml  of  hexane  and  the  yellow  solution  was  filtered.  To  the  filtrate  was 
added  30  ml  of  hexane  and  the  Schlenk  tube  was  put  aside  in  the  refrigerator  for  4  days  to 
give  2(X)  mg  yellow  crystals  (65%).  The  compound  crystallizes  as  a  toluene  solvate.  m.p. 
225  "C  (dec).  IR(KBr):  1708,  1622,  1585.8,  1479,  1434.6,  1303.9,  1092.6,  754.4, 
695.7  cm-i.  iR  NMR  (CDjClj):  5  8.22  (d,  2H,  ^Jm-K3  =  7-9  Hz,  H4),  7.62  (m,  12H, 
PPh3^  ortho),  7.26  (m,  25H),  7.02  (td,  2H,  ^Jm-m,3  =  7.9  Hz,  Vh2-H4  =  1-44  Hz,  H2), 
6.43  (d,  2H,  ^Jui-m  =  7.9  Hz,  HI).  i3c{iH}  NMR  (CD2CI2):  5  195.66,  140.33  (t,  Jq.p 
=  3.56  Hz,  yc-Pt=  44.01  Hz),  136.39  (vd,  i/c-P  =  49.34  Hz,  PPhg,  ipso),  134.56  (m, 
PPh3,  ortho),  132.43  (dd,  Vc-Pcis  =  8.23  Hz,  Vc-Ptrans  =  84.56  Hz),  131.55,  130.86, 
130.69  (t,  20.7  Hz),  130.41,  129.92  (s,PPh3^  para),  128.44  (t,  Vc.p  =  4.62  Hz,  PPh3, 
meta),  127.01.  3ip{iH}  NMR  (CD2CI2):  6  23.73  (s).  i95pt{iH)  NMR  (CD2CI2):  5 
-4745.2  (t,  Vpt-p  =  3391.4  Hz).  HRMS  (FAB)  calcd.  for  (M+l)+:  924.2124.  Found: 
924.2114.  Anal,  calc  for  C58H460P2Pt:  C,  68.54;  H,  4.56.  Found;  C,  68.54;  H,  4.65. 

Preparation  of  Complex  3-11 

To  a  Schlenk  tube  containing  120  mg  3-10  (0.12  mmol)  in  10  ml  of  CHjClj,  22.5 
mg  HBF4  (0.118  mmol  )  in  2  ml  of  CH2CI2  was  added  slowly  at  -78  ^C.  After  slowly 
warming  to  room  temperature,  hexane  was  added  and  the  Schlenk  tube  was  placed  in  a 
refrigerator  for  a  few  days.  Solvent  removal  gave  105  mg  of  3-11  (86  %).  IR(KBr):  3050 
w,  1637,  1596,  1572,  1482,  1437,  1313,  1098,  745,  693,  523  cm-i.  ^H  NMR  (CD2CI2): 
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5  9.0  (dd,  IH,  Vh-h  =  7.8  Hz,  ^J^.-^  =  1  Hz),  7.77  (dd,  IH,  Vh.h  =  7.1  Hz,  4/jj.h  = 
2.1  Hz),  7.56  (dd,  IH,  Vh-h  =  7.8  Hz,  "^J^.n  =  1.5  Hz),  7.2-7.5  (m,  33H,  PPhs)  7.15 
(td,  IH,  Vh.h  =  7.3  Hz,  4/jj  jj  =  1.2  Hz),  7.03  (s,  IH,  ^Jn.pi  =  99.7  Hz),  6.43  (dd, 
1H,3Ih.h  =  7.1  Hz,  Vh.h  =  1-9  Hz),  3.73  (s,  br).  i3C{iH}  NMR  (CD2CI2):  5  193.08, 
139.3,  138.19  (s,  br),  137.49,  136.52,  135.7,  135.55,  134.37  (t,  Vc.p  =  6.2Hz,  PPhj, 
ortho),  131.98  (s,  PPhj,  para),  131.42,  130.65,  129.7,  129.39  (t,  ^Jq.p  =  5.45  Hz, 
PPhg,  meta),  128.91,  127.94,  127.42,  127.09,  127.05,  126.67.  i^p  NMR  (CDjClj):  5 
-150.58.  3ip{iH}  NMR  (CDjClj):  5  24  (s).  i95pt{iH)  NMR  (CD2CI2):  5 -4071.8  (t, 
i/pt-p  =  3137.6  Hz).  HRMS  (FAB)  calcd.  for  (M-H20)+:  925.2203.  Found:  925.2283. 
Anal,  calcd.  for  C52H44Cl2BF402P2Pt:  C,  56.00;  H,  3.97;  Found;  C,  55.82;  H,  3.96. 

Preparation  of  Complex  3-12 

To  a  Schlenk  tube  containing  3-10  (50  mg,  0.05  mmol)  in  4  ml  of  THF  was 
added  HBr  (16.2  mg,  12  ml  of  30  wt.%  solution  in  acetic  acid  dissolved  in  1  ml  of  THF)  at 
room  temperature.  The  color  changed  immediately  from  yellow  to  pale  yellow.  The 
mixture  was  stirred  for  15  min.  at  room  temperature.  Solvent  was  evaporated  in  vacuo 
and  the  residue  was  dissolved  in  3  ml  of  CH2CI2  followed  by  addition  of  10  ml  of  hexane. 
After  1  day  off-white  needles  had  formed:  35  mg  (64  %),  m.p.  278-279  oc.  IR(KBr): 
3044  w,  2992  w,  1624,  1584,  1578,  1479,  1437,  1312,  750,  692,  524  cm-i.  ^H  NMR 
(CD2CI2):  5  9.15  (dd,  IH,  3yH.jj  =  7.9  Hz,  ^yjj.jj  =  1  Hz),  7.82  (d,  IH,  3/fj.jj  =  7.6  Hz), 
7.7  (d,  IH,  3yjj.jj  =  8.2  Hz),  7.63  (t,  IH  ^^.^  =  7.6  Hz),  6.9-7.55  (m,  34H,  PPhj). 
13C{1H}  NMR  (CD2CI2):  5  193.3,  137.46,  137.32,  137.14,  136.32,  135.39  (m,  PPhj), 
134.32  (m,  PPhj),  132.5,  131.9,  131.34,  130.98,  130.23,  129.99,  129.7,  129.27,  129, 
128.2,  128.05  (d),  126.67,  126.29.  3ip{iH}  NMR  (CDjC^:  5  15.2  (d,  2/p.p  =  15.4, 
P2),  16.77  (d,  2jp.p  =  15.4,  PI).  i95pt{iH}  NMR  (CD2CI2):  5  -4554.3  (dd,  i/pt-Pi  = 
1686.2  Hz,  iypt.p2  =  4432.2  Hz).  HRMS  (FAB)  calcd.  for  (M-(-l)+:  1004.1386.  Found: 
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1004.1402.  Anal,  calcd.  for  C5iH390P2BrPt  '1.5  CH2CI2:  C,  55.69;  H,  3.74;  Found;  C, 
55.87;  H,  3.81. 


FdO.l  l-Didehydrodibenzotropone')("triphenylphosphine)(t-butylisocyanide')1  platinum  (3- 

To  a  Schlenk  tube  containing  100  mg  3-10  (0.1  mmol)  in  2  ml  of  QHg  was 
added  22  mg  t-butylisocyanide  (0.26  mmol)  in  30  ml  C5H5.  After  stirring  for  20  min.  at 

room  temperature  the  solvent  was  evaporated  and  the  residue  was  dissolved  in  1  ml  of 
C5H6  followed  by  addition  of  6  ml  of  hexane.  After  2  days  at  6  °C  yellow-orange  needles 
had  formed:  63  mg  (84  %),  m.p.  210  OC  (dec).  IR(KBr):  3054  w,  2982  w,  2156,  1711, 
1618,  1583  1436,  1304,  1206,  1096,  754,  696,  531,  518  cm-i.  m  NMR  (CDjClj):  5 
8.35  (d,  IH,  3/h.jj  =  7.8  Hz),  8.28  (d,  IH,  V^.^  =  7.7  Hz),  7.87  (d,  IH,  3/^.^  =  7.I 
Hz),  7.74  (m,  7H,  PPhs),  7.53  (t,  IH,  3/^.^  =  7  Hz),  7.43  (m,  9H,  PPhj),  7.35  (t,  IH, 
3/h-h  =  8-1  Hz),  7.15  (t,  IH,  3/ij.jj  =  7.5  Hz),  6.81  (d,  IH,  ^J^.^  =  7.8  Hz),  1.39  (s, 
9H).  i3c{iH}  NMR  (CD2CI2):  5  194.73,  140.99  (s,  /pt.c  =  44.6  Hz),  139.97  (s,  Jp.Q  = 
8  Hz),  138.03,  136.53,  136.17  (d,  Jq.p  =  44.8  Hz,  Ipj.c  =  24.6  Hz  (PPhg,  ipso),  134.6 
(m,  PPh3,  ortho),  132.59,  132.01,  131.95  (d,  Jq.p  =  4.7  Hz)  131.5  (m),  131.32  (m), 
131.02,  130.48  (s,  PPha,  para),  128.78  (d,  Jq.p  =  9.8,  PPhj,  meta),  128.43  (t,  7c-P  = 
5.1  Hz)  127.79,  127.39,  78.28,  57.51,  30.58.  3ip{iH}  NMR  (CD2CI2):  5  25.99  (s). 
i95pt{iH}  NMR  (CD2CI2):  5  -4694  (d,  br,  Vpt-P  =  3196.4  Hz).  HRMS  (FAB)  calcd.  for 
(M+l)+:  745.1948.  Found:  745.1980.  Anal,  calcd.  for  C38H32NOPPt:  C,  61.29;  H,  4.33; 
N,  1.88.  Found;  C,  61.43;  H,  4.32;  N,  1.84. 
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Preparation  of  trimer  3-14 

A  Schlenk  tube  was  charged  with  3-10  (100  mg,  0.1  mmol)  and  2  ml  of  C5H5 
was  added.  To  this  solution  was  added  tetracyanoethylene  (30  mg,  0.234  mmol).  The 
color  changed  immediately  from  yellow  to  brown.  To  this  solution  5  ml  of  hexane  was 
added.  The  solution  was  filtered  through  a  short  silica  gel  column  using  methylene 
chloride/  hexane  (7/3,  v/v)  as  the  eluent.  Methylene  chloride  was  evaporated  in  vacuum 
leaving  yellow  trimer  3-14  (9  mg,  45%).  IR(KBr):  3058.7  w,  2957.6  w,  1696,  1590, 
1289.2,  1261.5,  1246.2,  931.9,  800.1,  751,  733,  641.7  cm-i.  iR  NMR  (CgD^):  5  7.43 
(dd,  6H,  Vh4.h3  =  7.5  Hz,  Vh4.h2  =  1  Hz,  H4),  6.83  (d,  6H,  3/hi.h2  =  7.9  Hz,  HI), 
6.7  (td,  6H,  3/h2-hi,3  =  7.5  Hz,  Vh2-H4  =  1  Hz,  H2),  6.49  (td,  2H,  Vh3-H4.2  =  7.7  Hz, 
"^•^HS-Hl  =  1-4  Hz,  H3).  13C{1H}  NMR  (€506):  6  197.42,  146.71,  138.18,  134.78, 
133.15,  129.09,  127.93,  125.05.  HRMS  (FAB)  calcd.  for  (M+l)+:  613.1804.  Found: 
613.1835. 

r(  1 0. 1 1  -Didehydrodibenzooxepin)bis('triphenylphosphine)1platinum  (3-18) 

Pt(PPh3)3  (0.5  g,  0.51  mmol)  and  K-O^Bu  (0.252  g,  0.2.25  mmol)  were  dissovled 
in  15  ml  of  THF.  To  this  solution  was  added  very  slowly  10,11-dibromodibenzooxepin 
(0.318  g,  0.9  mmol)  in  3  ml  of  THF  at  room  temperature.  After  stirring  the  mixture  for  4  h 
the  solvent  was  evaporated  and  the  residue  was  extracted  with  20  ml  of  toluene.  Next  30  ml 
of  hexane  was  added  causing  quick  precipitation  of  3-18  containing  15%  of  starting 
material.  This  solid  was  recrystalized  from  a  mixture  of  toluene  and  hexane  to  give  286  mg 
of  analytically  pure  yellow  crystals  (61.6%).  mp  223-225  ^C  dec.  IR(KBr):  3052.2  w, 
1691.5,  1586.6  w,  1478.4,  1434.9,  1195.1,  1094,  777,  742.8,  693.6,  536,8,  519.3  cm- 
1.  IH  NMR  (CD2CI2):  5  7.48  (m,  12H,  PPhj,  ortho),  7.2  (m,  18H,  PPhj),  7.05  (td,  2H, 
^•^H3-H4.2  =  7.6  Hz,  Vh3-h1  =  1-6  Hz,  H3),  6.54  (td,  2H,  3yH2-H3.1  =  7.4  Hz,  4/jj2.h4  = 
1.5  Hz,  H2),  5.81  (dd,  2H,   Vhi.h2  =  7.6  Hz,  ^/ri-HS  =1-4  Hz,  HI).  13C{1H}  NMR 
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(CD2CI2):  5  155.2  (t,  Jc.p  =  2.7  Hz,  /c-Pt  =  37.94  Hz),  136.64  (vd,  i/c-P  =  46.79  Hz, 
PPhg,  ipso),  134.43  (Vc-p  =  6.5  Hz,  PPh3,  ortho),  133.39  (dd,  Vc-Pcis  =  8.01  Hz,  Vc- 
Ptrans  =  86.9  Hz),  129.78  (s,  PPhj,  para),  128.59,  128.44,  128.27  (t,  Vp.Q  =  4.6  Hz, 
PPhj,  meta),  127.44  (t,  10.35  Hz  ),124.8,  121.16.  3ip{iH}  NMR  (CD2CI2):  5  23.75  (s). 
i95pt{iH}  NMR  (CD2CI2):  5  -4749.6  (t,  i/pt-P  =  3418.3  Hz).  HRMS  (FAB)  calcd.  for 
(M+l)+:  912.2124.  Found:  912.2103.  Anal,  calcd.  for  C5oH380P2Pt:  C,  65.86;  H,  4.2. 
Found;  C,  66.05;  H,  4.21. 

rdO.l  l-Didehvdrodibenzocvcloheptene)bis(triphenvlphosphine)1  platinum  (3-19) 

To  a  solution  of  Pt(PPh3)3  (0.45  g,  0.458  mmol)  and  K-QtBu  (228  mg,  2  mmol)  in 
15  ml  of  THF  was  added  very  slowly  (1  h)  10,11-dibromodibenzocycIoheptene  (285  mg, 
0.81  mmol)  in  3  ml  of  THF  at  room  temperature.  After  stirring  the  mixture  for  2  h  the 
solvent  was  removed  and  the  residue  was  extracted  with  5-10  ml  of  toluene.  To  this 
filtrate,  hexane  was  added  and  the  Schlenk  tube  was  cooled  to  -26  °C  to  give  280  mg  (67 
%)  of  3-19  as  an  off-white  solid.  An  analytically  pure  sample  was  obtained  by 
recrystalization  from  a  mixture  of  toluene  and  hexane.  m.p.  219-222  ^C  (dec).  IR(KBr): 
3051.2  w,  1688.7,  1586.7  w,  1477.8,  1434.3,  1092.8,  751.5,  693.2,  540.1,  519,  496.8 
cm-i.  IH  >fMR  (CD2CI2):  5  7.5  (m,  12H,  PPh3),  7.31  (d,  2H,  Vh4.h3  =  7.3  Hz,  H4), 
7.23  (m,  18H,  PPhj),  7.08  (td,  2H,  3yH3.H4,2  =  7.4  Hz,  Vh3.hi  =  1-3  Hz,  H3),  6.65  (td, 
2H,  Vh2-H3,1  =  7.5  Hz,  Vh2-H4  =  1-2  Hz,  H2),  6.43  (dd  ,  2H,  3/hi.h2  =  7-6  Hz,  ^hi- 
H3  =  1.2  Hz,  HI),  3.85  (s,  2H,  CH2).  i^CfiH}  NMR  (CD2CI2):  5  134.4  (m),  134.65 
(tn,  PPh3),  132.62  (t,  /c-P  =  9.5  Hz),  129.78  (s,  PPh3),  128.53,  128.31  (m,  PPh3), 
127.52  (s,  Jc-Pt  =  25.35  Hz),  126.92,  126.27,  44.08.  3iP{iH)  NMR  (CD2CI2):  5  24.42 
(s).  i95pt{iH}  NMR  (CD2CI2):  5  -4732.4  (t,  i/pt-P  =  3385.7  Hz).  HRMS  (FAB)  calcd. 
for  (M+l)+:  910.2332.  Found:  910.2323.  Anal,  calcd.  for  C5iH4oP2Pt:  C,  67.32;  H, 
4.43.  Found;  C,  67.36;  H,  4.55. 
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[(10.1  l-Didehydrodibenzotropone)bisfdicyclohexylphosphinoVethane1platinum  (3-20') 

Complex  3-10  (130  mg,  0.13  mmol)  and  bis(dicyclohexylphosphino)ethane  (60 
mg,  0.14  mmol)  were  dissolved  in  3  ml  of  CgHg  in  a  Schlenk  tube  and  the  mixture  was 
stirred  for  20  h  at  room  temperature.  10  ml  of  hexane  was  added  and  the  solution  was 
filtered  through  a  canula.  The  filtrate  was  cooled  for  1  week  at  -20  ^^C  to  give  80  mg  of 
crystaline  pure  3-20.  (74  %),  mp  265  ^C  dec.  IR(KBr):  2928,  2850,  1707,  1615,  1578, 
1447,  1302,  751  cm-i.  iH  NMR  (CDjClj):  5  8.25  (dd,  2H,  Vh4.h3  =  8.07  Hz,  Vh4.h2 
=  1.4  Hz,  H4),  7.81  (dd,  2H,  Vhi.rz  =  7.8  Hz,  Vhi-hs  =  1-2  Hz,  HI),  7.68  (td,  2H, 
3^H3-H2.4  =  7.14  Hz,  4/H3-H1  =  1-5  Hz,  H3  ),  7.06  (td,  2H,  Vh2-hi,3  =  7-55,  ^Ju2-H4  = 
1.4  Hz,  H2),  1-2.2  (m,  44H,  PC^g).  13C{1H}  NMR  (CD2CI2):  5  195.8,  144.2  (dd,  Vq- 
Pcis  =  14.3  Hz,  27c.Pirans  =  97.3  Hz  140.7  (t,  Jq.p  =  3.8  Hz),  133.27  (t,  /c-P  =  10.6  Hz), 
132.18  (m),  131.14,  128.76,  126.9,  36.8  (m),  30.8  (s,  /c-Pt  =  23.5  Hz),  29.5  (s,  /c-Pt  = 
21  Hz),  27.54  (m)  26.7,  25  (t,  Jq.p  =  20.5  Hz).  3ip{iH}  NMR  (CD2CI2):  5  68.03  (s). 
i95pt{iH}  NMR  (CD2CI2):  5  -5047.9  (t,  Vpt-P  =  3010.4  Hz).  HRMS  (FAB)  calcd.  for 
(M+l)+:  822.3533  Found:  822.3559  Anal,  calcd.  for  C4iH560P2Pt:  C,  59.91;  H,  6.94. 
Found;  C,  60.34;  H,  6.93. 

rdO.l  l-didehvdrodibenzooxepin)bis(dicvclohexylphosphino)  ethanelplatinum  (3-21) 

Complex  3-18  (100  mg,  0.108  mmol)  and  bis(dicyclohexylphosphino)ethane  (50 
mg,  0.118  mmol)  were  dissolved  in  0.5  ml  of  CgD^  in  an  NMR  tube.  After  four  days  at 
room  temperature  the  3ip{iH)  NMR  showed  formation  of  complex  3-21  in  about  95% 
yield.  The  solution  from  the  NMR  tube  was  transferred  to  a  Schlenk  tube  and  4  ml  of 
hexane  was  added.  After  one  week  at  6  °C  yellow  crystals  had  formed;  45  mg  (yield 
50.6%),  mp  248-250  oc  dec.  IR(KBr):  2926,  2848,  1674,  1469,  1438,  1193,  742  cm-i. 
IH  NMR  (CgDg):  5  7.68  (dd,  2H,  Sy^.j,  =  7.4  Hz,  Vh.r  =  1-7  Hz),  7.29  (d,  2H,  Vh.r 
=  7.9  Hz),  7.15  (td,  2H,  Vh-h,  =  7.4  Hz,  Vh.h  =  1-4  Hz, ),  7.06  (td,  2H,  3/jj.jj  =  7.8, 
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Vh-h  =  1-7  Hz),  2.19  (d,  4H,  J  =  11.8  Hz),  0.95-2  (m,  44H,  P^xs)-  *^C(iH}  NMR 
(CfiDg):  5  156.2  (t,  Jq.?  =  2.7  Hz),  144.23  (dd,  Vc-Pcis  =  13.46  Hz,  Vc-Ptrans  =  99.6 
Hz),  131.51  (t,  /c-p=  11.3  Hz),  129.07,  128.12,  124.93,  121.89,  36.35  (m),  30.33, 
29.22,  27.25  (m),  26.38,  24.8  (m).  3ip{iH}  NMR  (CDjClj):  5  69.29  (s).  i95pt{iH} 
NMR  (CD2CI2):  5  -5101.5  (t,  i/pt-p  =  3056  Hz).  HRMS  (FAB)  calcd.  for  (M-H)+: 
810.3533.  Found:  810.3428.  Anal,  calcd.  for  C4oH560P2Pt:  C,  59.30;  H,  6.97.  Found; 
C,  59.15;  H,  7.01. 

Preparation  of  Complex  3-23 

To  a  solution  of  3-18  (130  mg,  0.13  mmol)  in  2  nil  of  benzene,  22  mg  (0.17 
mmol)  of  TCNE  was  added  at  rooin  temperature.  After  stirring  the  mixture  for  0.5  h  the 
solvent  was  evaporated  in  vacuo.  The  residue  was  dissolved  in  5-10  ml  of  CH2CI2  and  15 
ml  of  hexane  was  added.  The  solution  was  kept  at  -20  °C  for  2  days  to  give  82  mg  (55%) 
of  yellow-brown  crystals.  An  analytically  pure  sample  (off-white  crystals)  was  obtained 
by  recrystallization  from  CH2Cl2/hexane  solution;  m.p.  208  ^C.  IR(KBr):  3060  w,  2216 
w,  1481,  1439,  1203,  1096,  744,  697  cm-i.  iH  NMR  (CD2CI2):  5  7.88  (dd,  IH,  ^Jii4.ii3 
=  8.1  Hz,  Vh4-H2  =  1-4  Hz,  H4),  7.6  (dd,  IH,  Viis-Ee  =  7-6  Hz,  Vh5-H7  =  1-5  Hz, 
H5),  7.24  (td,  IH,  37h2-H1,3  =  8  Hz,  ^Ju2-n4  =  1-5  Hz,  H2),  7.09  (td,  IH,  3/h3-H4.2  =  8 
Hz,  Vhs-hi  =  1.4  Hz,  H3),  7  (dd,  IH,  Vhi-h2  =  8  Hz,  Vhi.h3  =  1  Hz,  HI),  6.79  (td, 
IH,  3yH7-H6,8  =  7.7  Hz,  Vh7-H5  =  1-3  Hz,  H7),  6.37  (d,  IH,  Vh8-H7  =  8.3  Hz,  H8), 
6.32  (td,  IH,  3/h6-H5,7  =  7.5  Hz,  Vh6.H8  =  1-2  Hz,  H6),  7.1-7.56  (m,  30H,  PPhj). 
13C{1H}  NMR  (CD2CI2):  5  165.71  (d,  7c-P  =  3.8  Hz),  164.37  (d,  Jq.p  =  4.6  Hz), 
161.05,  157.78  (d,  Jq.p  =  3.9  Hz),  135.93  (d,  Jq.p  =  10.6  Hz,  PPhg),  134.44  (br), 
131.43  (s,  PPhj),  130.93,  130.40,  130.22,  129.45,  128.81,  128.41  (d,  Jq.p  =  9.9  Hz, 
PEhs),  128.09,  126.81  (d,  Jq.p  =  6.1  Hz),  124.58,  123.8,  120.78,  120.17,  117.89  (d, 
Jq.p  =  4.6  Hz).  3ip{iH}  NMR  (CD2CI2):  5  13.68  (d,  Vp.p  =  20.5  Hz,  PI),  14.57  (d, 
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27p.p  =  20.5,  P2).  i95pt{iH}  NMR  (CD2CI2):  5  -4347.3  (dd,  i/pt-Pi  =  3259.4  Hz,  i/pt- 
P2  =  1918.2  Hz).  HRMS  (FAB)  calcd.  for  (M+l)+:  1040.2247.  Found:  1040.2203.  Anal. 
calc  for  C56H38N40P2Pt  •  CHjCIj     C,  60.86;  H,  3.58;  N,  4.98;  Found;  C,  60.55;  H, 

3.54;  N,  4.92; 

rfDibenzotropyne')bis("triphenylphosphine)1platinum(3-24') 

To  a  solution  of  3-19  (160  mg,  0.175  mmol)  in  3  ml  of  CH2CI2  was  added 
dropwise  at  -78  ^'C  triphenylcarbenium  tetrafluoroborate  (61  mg,  0.184  mmol)  in  2  ml  of 
CH2CI2.  The  resulting  solution  was  stirred  for  5  h  at  -78  °C  and  subsequently  warmed 
slowly  to  room  temperature.  The  resulting  very  deep  blue  solution  was  filtered  and  to  the 
filtrate  15  ml  of  ether  was  added.  After  2  h  deep  blue  needles  had  formed.  The  solvent  was 
removed  by  decantation  and  the  crystals  (100  mg,  57%)  were  dried  under  vacuum,  mp  = 
197  °C  dec.  IR(KBr):  3057  w,  1654  w,  1648  w,  1436,  1084,  745,  694,  523  cm-i.  iH 
NMR  (CD2CI2):  5  10.43  (s,  IH,  H5),  8.78  (d,  2H,  Vh4.h3  =  8.3  Hz,  H4),  7.94  (td,  2H, 
^•^H3-H4.2  =  8.3  Hz,  4/H3.H1  =  1.2  Hz,  H3),  7.75  (td,  2H,  3yH2-Hl,3  =  8-3  Hz,  4yj,2.H4  = 
1.2  Hz,  H2),  7.55  (m,  12H,  PPhj,  ortho),  7.4  (m,  6H,  PPhj,  para),  7.25  (m,  12H, 
PEII3,  meta),  7.02  (d,  2H,  ym-m  =  8.3  Hz,  HI).  i^CfiH}  NMR  (CDjClj):  5  160.15 
(dd,  2/c.pcis  =  4.04  Hz,  Vc-Ptrans  =  84.03  Hz),  155.86,  140.2  (t,  Jq.p  =  4.5  Hz),  139.5, 
137.22,  135.39  (t,  Jq.p  =  8.85  Hz),134.74,  134.52  (p,  Vq-P  =  6.4  Hz,  PPhj,  ortho), 
133.94  (d,  i7c-p=  49.72  Hz,  PPhj,  ipso),  132.88,  131.08  (s,  PPhg,  para),  129.04  (t, 
Vc-p  =  5.1  Hz,  PPh3,  meta).  3ip{iH}  NMR  (CD2CI2):  5  19.96  (s).  i95pt{iH}  NMR 
(CD2CI2):  5  -4060.2  (t,  lypt-p  =  3189.2  Hz).  19f  NMR  (CD2CI2):  5  -152.82.  HRMS 
(FAB)  calcd.  for  (M-BF4)+:  908.2175.  Found:  908.220.  Anal,  calcd.  for  C5iH38BF4P2Pt 
•1/2  CH2CI2  C,  59.58;  H,  3.88;  Found;  C,  59.31;  H,  4.02. 
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Reaction  of  3-24  with  KRF.t^H 

To  a  solution  of  3-24  (30  mg,  0.03  mmol)  in  3  ml  of  THF  was  added  quickly 
KBEt3H  (35  ml,  0.035  mmol  of  IM  solution  in  THF)  at  room  temperature.  The  color 
changed  at  once  from  deep  blue  to  light  yellow.  After  5  min.  THF  was  removed  in  vacuum 
and  the  residue  dissolved  in  CD2CI2.  ^H  and  3ip{  iH  )  NMR  showed  formation  of  3-19 
in  about  70%  together  with  three  minor  platinum  products  which  were  not  characterized. 

Preparation  of  Complex  3-25 

To  a  solution  of  3-24  (100  mg,  0.1  mmol)  in  3  ml  of  CH2CI2  at  room  temperature 
was  added  30  mg  (0.7  mmol)  of  bis  (dicyclohexylphosphino)ethane.  The  color  changed 
immediately  from  deep  blue  to  light  yellow.  After  15  min.  of  stirring,  15  ml  hexane  was 
added  causing  precipitation  of  an  off-white  solid.  This  solid  was  dissolved  in  2  ml  of 
CH2CI2  and  10  ml  of  EtjO  was  added  causing  precipitation  of  3-25  (80  mg,  66%).  An 
analytically  pure  sample  was  obtained  by  recrystalization  from  CH2Cl2/hexane,  mp  206- 
208  OC  dec.  IR(KBr):  3052,  2933,  2854,  1689,  1476,  1437,  1085  (br),  753,  694  cm-i. 
IR  NMR  (CD2CI2):  5  7.71  (d,  4H,  3yjj.jj  =  7.5  Hz),  7.43  (m,  24H,  PPhg,  ortho),  7.28 
(m,  12H,  PEI13,  para),  7.18  (m,  24H,  PPhj,  meta),  6.74  (t,  4H.  Vh.h  =  7.6  Hz),  5.97 
(d,  4H,  Vh-h  =  6.2  Hz),  5.64  (d,  2H,  Vp.H  =  19.8  Hz),  2.95  (m,  4H),  2.5  (m,  2H),  0.8- 
2  (m,  42H,  P£y.2).  i3C{iH}  NMR  (CD2CI2):  5  136.48,  135.85,  134.46  (m,  PPhg), 
133.45  (t,  yp.c  =  9.4  Hz),  132.45,  130.11  (s,  PPhj),  129.66,  129.45,  128.66,  128.32 
(m,  PPhg).  127.26  (m),  66.02,  51.71  (t,  Jp.Q  =  17.5  Hz),  31.71  (br)  26.4-27.5  (m, 
P£iL2X  25.62.  3ip{iH}  NMR  (CD2CI2):  5  21.95  (s,  PPhj),  34.93  (s,  PCy2).  i95pt{iH} 
NMR  (CD2CI2):  5  -4733.4  (t,  Vpt-p  =  3366.6  Hz),  i^p  NMR  (CD2CI2):  5  -148.3.  Anal, 
calcd.  for  Ci28Hi26B2FgP6Pt2  C,  63.69;  H,  5.26;  Found;  C,  63.39;  H,  5.61. 
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Prepararion  of  Complexes  3-26  and  3-27 

To  a  solution  of  3-24  (1 10  mg,  0.1 1  mmol)  in  5  ml  of  CH2CI2  was  added  HBr 
(27  ml  of  30%  HBr  in  acetec  acid  dissolved  in  1  ml  of  CH2CI2)  within  20  sec.  The  color 
changed  at  once  from  deep  blue  to  deep  purple.  The  mixture  was  stirred  for  5  min.  and  then 
the  solvent  was  removed  in  vacuo.  The  residue  was  dissolved  in  5  ml  of  CH2CI2  and  then 
15  ml  of  hexane  was  added  causing  precipitation  of  3-26.  After  2  h  at  -16  ^C  the 
supematent  was  discarded  leaving  102  mg  of  product  (85%  yield),  m.p.  268-269  ^C  dec. 
IR(KBr):  3053  w,  1602,  1514,  1480,  1435,  1384,  1095  br,  1055  br,  750,  695,  542, 
525.5,  496  cm-i.  iR  NMR  (CD2CI2):  8  10.28  (d,  IH,  /h-H  =  8.4  Hz),  9.97  (d,  IH,  Vr-p 
=  9  Hz,  3/H.pt  =  41.1  Hz),  9.62  (s,  IH),  8.5  (m,  3H),  8.36  (s,  IH),  8.35  (s,  IH),  8.1  (t, 
IH,  Vh-h  =  7.2  Hz),  8.04  (m,  IH),  6.8-7.6  (m,  30H,  PPhs).  ^^C{m}  NMR  (CD2CI2): 
6  177.15,  164.98,  153.78,  152.37,  140.79,  140.24,  139.58,  137.75,  137.31,  136.34, 
135.35  (d,  /c-P  =  10  Hz),  134.51,  133.83  (d,  7c-P  =  H  Hz),  132.43,  131.74,  131.55, 
131.02,  130.34,  128.61  (d,  7c-P  =  10  Hz),  127.68.  3iP{iH}  NMR  (CD2CI2):  5  13.96  (d, 
Vp.p  =  18  Hz,  PI),  15.03  (d,  Vp.p  =  18  Hz,  P2).  i95pt{iH}  NMR  (CD2CI2):  S  -4434.8 
(dd,  i/pt.p  =  849  Hz,  I7pt.p2  =  4121  Hz).  19f  NMR  (CD2CI2):  5  -152.5.  HRMS  (FAB) 
calcd.  for  (M+l)+:  988.1437  Found:  988.1390.  Anal,  calc  for  C5iH4oBF4BrP2Pt  C, 
57.00;  H,  3.74;  Found;  C,  56.67;  H,  3.82; 

The  sample  was  kept  in  CD2CI2  for  1  month  at  rt.  After  that  time  the  ^H  and 
3ip{iH  }  showed  formation  of  3-27  in  about  75%  with  unreacted  3-26  and  some 
decomposition  products.  Spectroscopic  data  for  3-27:  iH  NMR  (CD2CI2):  5  10.3  (d,  IH, 
/h-H  =  8.2  Hz),  9.64  (s,  IH),  9.45  (s,  IH,  Vr-pi  =  70.2  Hz),  8.25  (t  of  mult.  2H,  /r-H  = 
7.6  Hz),  7.77  (d,  IH,  ^u-ll  =  8.1  Hz).  8.5  (m,  2H),  8.1  (m,  2H),  6.8-7.6  (m,  30H, 
PPhs).  3iP{iH)  NMR  (CD2CI2):  5  19.84  (s).  i95pt{iH}  NMR  (CD2CI2):  5  -4221.5  (t, 
Vpt-p  =  2863  Hz). 
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Preparation  of  ('PPh2')2Pt  rTi2(T|^C7HAMo(CO')2l 

A  Schlenk  tube  was  charged  with  0.56g  (0.692  mmol)  of  2-2  and  2-3  and  0.1 98g 
(0.692  mmol)  of  (•n6-p-xylene)Mo(CO)3.  To  this  mixture  was  added  25  ml  of  THF  at  room 
temperature.  The  Schlenk  tube  was  wrapped  with  aluminum  foil  and  the  mixture  was 
stirred  for  20  min.  at  room  temperature.  The  solvent  was  evaporated  in  vacuum  and  the 
residue  was  dissolved  in  20  ml  of  benzene.  To  this  solution  was  added  35  ml  of  hexane 
and  the  solution  was  filtered  thru  a  cannula  into  another  Schlenk  tube.  The  Schlenk  tube 
was  placed  in  the  freezer  (-16  °C)  for  1  day.  The  supernatant  was  decanted  leaving  0.44g 
of  red  crystals  (61.7%  yield,  4-5:4-6  -  6:1).  m.p.  147-149  oQ  (dec).  IR(KBr):  3052  w, 
2802  w,  1956.7  s  (C=0),  1886.8  s  (C=0),  1845.7  s  (C=0),  1610.7  m  (  coordinated 
C^C),  1479.7  m,  1302  w,  1183.5  w,  1159.6  w,  1095.5  m,  1027.9  w,  744  m,  695  s,  523 
s  cm-i.  HRMS  (FAB)  calcd.  for  (M+l)+:  992.0921  Found:  992.0959.  Anal,  calc  for 
C46H3603P2MoPt  •  0.5  CeHe:  C,  57.21;  H,  3.82.  Found;  C,  57.22;  H,  3.76.  Data  for 
complex  4-5  -  ^H  NMR  (CD2CI2):  6  7.1-7.5  (m,  30H,  PPhs),  6.10  (td,  IH,  3yH2-H3  = 
7.1  Hz,  Vh2-H1  =  3.1  Hz,  H2),  5.55  (dd,  IH,  Vhi-P  =  6.2  Hz,  Vhi.H2  =  3.7  Hz,  ^Jni- 
Pt  =  40.2,  HI),  4.47  (t,  3/h3-H2,4  =  8  Hz,  H3),  4.13  (p,  IH,  /h-H  =  4  Hz,  H4),  3.51 
(dtd,  IH,  2/Hd.Hu  =  15.7  Hz,  3/Hd.H  =  5.4  Hz,  Jud-R  =  1-8  Hz,  3/Hd-Pt  =  59.4  Hz,  Hd), 
3.21  (d,  IH,  2/Hu-Hd  =  15.7  Hz,  Hu).  13C{1H}  NMR  (CD2CI2,  -30  °C):  6  229.69, 
221.37,  218.74,  135.6  (qd,  J=  22.5  Hz,  J=  1.8  Hz,  PPhs-ipso),  134.25  (m,  PPhs), 
129.95  (s,  PPhs-para),  128.26  (m,  PPha),  103.03,  100.47  (dd,  Vc-Pcis  =  7  Hz,  2/c-Ptrans 
=  83.5  Hz),  98.19  (d,  Jq-p  =  10.3  Hz,  /c-Pt  =  54.7),  97.2  (dd,  2/c-Pcis  =  4.7  Hz,  Vc- 
Ptrans  =  83.6  Hz),  82.41  (t,  /c-P  =  8.5),  75.63  (d,  Jq-p  =  7.5, 7c-Pt  =  48.3),  29.12  (t,  Jq- 
P  =  8).  31P  NMR  (CD2CI2):  5  22.15  (d,  Vv-P"  =  13.8  Hz),  23.73  (d,  Vf-p"  =  13.8  Hz), 
I95pt  NMR  (CD2CI2):  6  -4480.4  (dd,  i/pt-F  =  3326.4  Hz,  i/pt.p-  =  3418  Hz).  Data  for 
complex  4-6  -  iH  NMR  (CD2CI2):  5  7.1-7.5  (m,  30H,  PPhs),  4.99  (br.  d.,  2H,  3yHr-H2' 
=  7.2  Hz,  37Hr.pt  =  30  Hz,  HI'),  3.37  (m,  2H,  H2'),  2.92  (  dt,  IH,  2jHd-Hu  =  13.2  Hz, 
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Jm-EV  =  8.6  Hz,  Hd),  2.36  (br.  d.,  IH,  2/Hu-Hd  =  13.2  Hz,  Hu).  I3c  NMR  (CD2CI2):  5 
97.53,  56.19  (t,  /c-P  =  8.1),  28.93.  3ip{iH}  NMR  (CD2CI2):  5  22.91  (s).  i95pt{iH} 
NMR  (CD2CI2):  5  -4449  (t,  i/pt-p  =  3323  Hz). 


Preparation  of  (PPh2')2Pt  r-n2('-n7^C7HOMo(CO)2l  ^4-9) 

Method  I.  27  mg  (0.03  mmol)  of  2-5  was  dissolved  in  0.3  ml  of  THF-d8  and  0.3 
ml  of  CD2CI2.  To  this  solution  was  added  12  mg  (0.042  mmol)  of  (■n6-p-xylene)Mo(CO)3. 
The  color  started  to  change  at  once  from  red  to  brown  red.  20  min.  after  addition  the  ^H 
and  3ip{iH}  NMR  showed  virtually  quantitative  formation  of  4-9.  Method  II.  230  mg 
(0.223  mmol)  of  4-5  and  4-6  were  dissolved  in  10  ml  of  CH2CI2  in  a  Schlenk  tube 
wrapped  in  aluminum  foil.  To  this  solution  82  mg  (0.248  mmol)  of  triphenylcarbenium 
tetrafluoroborate  dissolved  in  3  ml  of  CD2CI2  was  added  dropwise  at  room  temperature. 
After  1  h  of  stirring  20  ml  of  hexane  was  added  and  the  solution  was  filtered.  To  the  filtrate 
more  hexane  (30  ml)  was  added  and  the  Schlenk  tube  was  placed  in  the  freezer  (-16  ^C). 
After  a  day  the  supernatant  was  decanted  leaving  a  red  oil  which  solidified  after  applying  a 
vacuum  (200  mg,  80%  yield).  This  solid  was  at  least  95  %  pure  as  shown  by  NMR.  m.p. 
97-99  oC  (dec).  IR(KBr):  3025  w,  2036.2  s  (C=0),  1976.2  br.  s.  (C=0),  1550  w, 
1481.3  m,  1436.4  s,  1097  s,  1083  br.  s.,  1058  br.  s.,  746  m,  695  s.  cm-i.  HRMS  (FAB) 
calcd.  for  M+  :  990.0765  Found:  990.0645.  ^H  NMR  (CD2CI2):  5  7.25-7.45  (m,  30H, 
PPhs),  6.10  (m,  IH,  H2),  5.65  (t,  IH,  3/hi.h2  =  10.8  Hz,  HI),  5.55  (t,  IH,  V=  5.8 
Hz,  Vns-Pt  =  36.7  Hz,  H3).  13C{1H}  NMR  (CD2CI2,  -40  °C):  5  212.02  (s,  CO),  133.56 
(d,  /c-P=  12.6  Hz,  PPhs),  132.10  (d,  i/c-P=  51.3  Hz,  PPhs-ipso),  130.86  (s,  PPhs- 
para),  128.48  (d,  Jq-p  =  10.5  Hz,  PPhs),  111.28  (dd,  ^/c-Pcis  =  4.3  Hz,  Vc-Ptrans  = 
93.6  Hz,  C-ipso),  100.75  (d,  ^Jc2-P  =  10.7  Hz,  Vc2-Pt  =  50.4,  C2),  97.96  (s,  C3), 
87.08  (t,  3yci-P  =  7.9,  CI).  3ip{iH}  NMR  (CD2CI2):  5  20.25  (s).  i^F  NMR  (CD2CI2):  5 
-152.78  (s).  i95pt{iH}   NMR  (CD2CI2):  5  -4087.6  (t,  Vpt-P  =  3267  Hz). 
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Preparation  of  rPPh2')2Pt  iT\l(r\^C2BA)Mo(CO)2}_(4-W) 

Complex  4-9  (250  mg,  0.224  mmol)  was  dissolved  in  7  ml  of  THF  and  the 
Schlenk  tube  was  cooled  to  -78  °C.  To  this  solution  was  added  slowly  250  ^il  of  a  1  molar 
solution  of  LiAl(0tBu)3H  dissolved  in  2  ml  of  THF.  During  addition  the  color  changed 

noticeably  from  red-brown  to  deep  red.  The  mixture  was  stirred  at  low  temp,  for  20  min. 
and  then  was  warmed  to  room  temp.  The  solvent  was  removed  in  vacuum  and  the  residue 
dissolved  in  10  ml  of  benzene  followed  by  addition  of  15  ml  of  hexane.  The  solution  was 
filtered  and  placed  in  the  freezer  (-16  °C).  After  a  few  days  red  crystals  were  collected  (120 
mg,  42  %  yield)  m.p.  133-136  oC  (dec).  IR(KBr):  3052  w,  2828  w,  1947  s  (C=0), 
1870.8  s  (OO),  1847  s  (C=0),  1560  m,  1478.5  m,  1434  w,  1385  m,  1095.8  m,  745.6 
m,  694.4  s,  678  s  cm-i.  HRMS  (FAB)  calcd.  for  (M+l)+:  992.0921  Found:  992.1014. 
Anal,  calc  for  C46H3603P2MoPt  •  CeHe:  C,  58.49;  H,  3.96.  Found;  C,  58.53;  H,  4.05. 
m  NMR  (CD2CI2):  5  7.1-7.45  (m,  30H,  PPha),  5.84  (td,  IH,  /  =  1.2  Hz,  J  =  5  Hz, 
^Jm-?t  =  44.4,  HI),  4.90  (m.,  H2),  3.85  (td,  IH,  J  =  1.5  Hz,  J  =  6.3  Hz,  3jH4.pt  = 
50.4,  H4),  3.17  (m.,  H3),  3.08  (m.,  Hd),  2.49  (d,  IH,  2/Hu-Hd  =  12.3  Hz,  Hu). 
13C{1H)  NMR  (CD2CI2):  6  224.8,  [-50  °C,  231.83,  222.52,  218.31],  135.12  (d,  Vc-P 
=  4.6  Hz,  PPhs-ipso),  134.42  (m,  PPhj),  130.31  (dd,  Jc-p  =  2.3  Hz,  Jq-p  =  5.3  Hz, 
PPh3-para),  128.47  (m,  PPhj),  112.15  (dd,  Vc-Pcis  =  7.5  Hz,  Vc-Ptrans  =  90.5  Hz), 
107.13  (d,  Jc-P  =  10.6  Hz,  Jc-Pt  =  68.3),  102.10  (dd,  Vc-Pcis  =  7.5  Hz,  27c.Ptrans  =  83 
Hz),  86.93  (t,  Jc-p  =  8.3  Hz),  62.81,  48.5  (t,  Jq-p  =  9.1  Hz),  29.99  (d,  Jq-p  =  8.3,  Jc-Pt 
=  44.5  Hz).  3ip{iH}  NMR  (CD2CI2):  5  23.81  (d,  2yp..p..  =  9.2  Hz),  23.55  (d,  Vp:?-  = 
9.2  Hz).  i95pt{iH}  NMR  (CD2CI2):  5  -4420.2  (dd,  i/pt-P'  =  3124  Hz,  i/pt-p-  = 
3282.5  Hz). 
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Reaction  of  4-10  with  triphenylcarbenium  tetrafluoroborate 

Complex  4-10  (20  mg,  0.02  mmol)  and  triphenylcarbenium  tetrafluoroborate  (7 
mg,  0.021  inmol)  was  dissolved  in  0.5  ml  of  CD2CI2.  After  15  min.  NMR  measurements 
Or  and  3ip{  iH})  showed  formation  of  4-9  (spectroscopic  data  were  identical  to  those  of 
the  compound  obtained  from  hydride  abstraction  from  4-5  and  4-6)  in  ca.  90%  yield. 


Reaction  of  2-2.  2-3  with  rri^-C^Hg^MofCOt^  (4-3) 

Complexes  2-2,  2-3  (50  mg,  0.062  mmol)  and  4-3  (17  mg,  0.062  mmol)  were 
placed  in  an  ^^VIR  tube  equipped  with  a  PTFE  valve  and  dissolved  in  0.5  ml  of  CD2CI2. 
The  reaction  was  monitored  by  ^H  and  3ip{iH)  NMR.  The  major  isomer  (4-5)  was 
formed  within  12  h  whereas  the  minor  one  (4-6)  required  4  days.  The  reaction  showed  ca. 
15%  of  decomposition. 

Reaction  of  4-5.  4-6  with  1.10-phenanthroline 

Complexes  4-5, 4-6  (50  mg,  0.05  mmol)  and  1,10-phenanthroline  (19  mg,  0.11 
mmol)  were  dissolved  in  0.5  ml  of  CD2CI2.  The  major  isomer  (4-5)  reacts  faster  (ti/2  =  2 
days)  than  the  minor  one  (4-6)  (ti/2  =  6  days).  The  reaction  is  relatively  clean  showing  ca. 
10%  decomposition. 

Reaction  of  4-5.  4-6  with  triphenvlphosphine 

Complexes  4-5,  4-6  (50  mg,  0.05  mmol)  and  triphenylphosphine  (45  mg,  0.18 
mmol)  were  dissolved  in  0.5  ml  of  CD2CI2.  The  major  isomer  (4-5)  reacts  faster  (ti/2  =  3 
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days)  than  the  minor  one  (4-6)  (ti/2  =  2  weeks).  The  reaction  showed  ca.  15%  of 
decomposition. 


Preparation  of  allene  complex  5-1 

An  NMR  tube  was  charged  with  70  mg  (0.087  mmol)  of  1-51  and  25  mg  (0.087 
mmol )  (T|6-p-xylene)Mo(CO)3  followed  by  addition  of  0.3  ml  of  CD2CI2  and  0.3  ml  of 

THF-d^.  After  ca.  15-20  min.  all  spectroscopic  measurments  were  performed.  ^H  NMR 
(CD2CI2,  THF-d8)  5  7.05-7.5  (m,  30H,  PPhj),  5.85  (m,  IH,  H5),  5.54  (t,  IH,  /h-H  = 
8.1  Hz,  H4),  4.78  (m,  IH,  H3),  4.57  (m,  IH,  3/H6-Pt  =  61.2  Hz,  H6),  3.13  (t,  IH,  7h-H 
=  6.9  Hz,  3/H2-Pt  =  56.1  Hz,  H2),  2.46  (m,  IH,  Vni-Pt  =  52.2  Hz,  HI).  13C{1H)  NMR 
(CD2CI2,  THF-d8)  5  226.61,  220.35,  219.6,  127-136  (PPhs),  102.7  (d,  Jq-p  =  12.7  Hz), 
100.11  (d,  yc-P  =11-8  Hz),  99.57,  88.32  (t,  Jq-p  =  7  Hz).  3ip{iH}  NMR  (CD2CI2, 
THF-d8)  5  22.83  and  24.99  ppm  (Vp-.p-  =  17.5  Hz).  i95pt{iH}  NMR  (CD2CI2,  THF- 
d8)  5  -4476  ppm  (Upt-P'  =  3180  Hz,  i/pt-p-  =  3209  Hz). 


l-Bromo-l-dimethylhydrosilyI-2.2-diphenylethylene(6-9) 

To  a  solution  of  2g  (6.3  mmol)  of  l,l-dibromo-2,2-diphenylethylene  dissolved  in 
30  ml  of  THF,  6.3  ml  of  IM  solution  of  n-BuLi  was  added  at  -100  oC.  After  addition  of 
n-BuLi  the  solution  was  stirred  for  1  h  and  then  0.7  ml  of  dimethylchlorosilane  was 
added.  The  reaction  mixture  was  stirred  for  1  h  at  -70  °C  and  then  warmed  slowly  to  room 
temperature.  Water  was  added  and  the  ether  layer  was  washed  with  NaHCOs  and  then 
dried  over  MgS04.  After  filtration  the  ether  was  evaporated  leaving  a  yellow  oil.  This  oil 
was  dissolved  in  5  ml  of  hexane  and  was  cooled  in  dry  ice.  After  a  few  hours  the 
supernatant  was  discarded  leaving  an  off-white  crystalline  solid  which  was  then  dried  in 
vacuo.  1.05  g,  56%  yield,  mp  =  43  ^C.  IR  (KBr):  3062  w,  2957  w,  2189,  1560,  1490, 
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1441,  1384,  1249,  1075,  1028,  1000,  954,  878  (br),  841,  759,  697,  607,  592,  480,  467. 
IH  NMR  (CfiDfi):  5  6.95-7.32  (m,  lOH,  Ph),  4.34  (s,  IH,  3/h.h  =  3.6  Hz,  Si-H),  0.16 
(d,  6H,  Vh-h  =  3.6  Hz,  Si-CH3).  13C{1H}  NMR  (CgDe):  5  157,  143.4,  142.4,  129.6, 
129.3,  128.3,  128.2,  127.9,  125.8.  29si  NMR  (CeDe):  5  -16.3  (d  of  sept.,  i/si-H  = 
201.7  Hz,  2/si-H  =  7.5  Hz).  HRMS  (FAB)  calcd.  for  (M-(-l)+:  317.0361.  Found: 
317.0311.  Anal,  calcd.  for  CieHnBrSi:  C,  60.57;  H,  5.4.  Found  C,  60.74;  H,  5.4. 


Cp*fPCv2)RuHfTi2-Me2SiC=C=CPh2U6-24^ 

To  a  solution  of  0.17  g  (0.54  mmol)  of  l-bromo-l-dimethylhydrosila-2,2- 
diphenylethylene  in  20  ml  of  diethyl  ether  was  added  dropwise  a  solution  of  BuLi  (0.54 
mmol)  in  pentane  by  syringe  over  5  min.  at  -70  ^C.  The  mixture  was  sdrred  an  additional 
hour  at  -60  to  -50  °C.  To  the  resulting  yellow  solution  was  added  0.18  g  (0.35  mmol)  of 
Cp*(PCy3)RuCl.  The  mixture  was  stirred  10  h  at  -60  ^C  to  room  temperature  to  give  a 
yellow  green  solution.  The  solvent  was  evaporated  under  vacuum  and  the  residue  was 
extracted  with  30  ml  of  hexane  at  room  temperature.  The  filtered  solution  was  concentrated 
to  4  ml  and  about  0.5  ml  of  toluene  was  added.  The  solution  was  kept  at  - 16  ^C  for  a  few 
days.  The  deep  red  crystals  were  removed  by  filtration  and  washed  with  2  ml  of  hexane  at 
-30  °C  to  give  8 1  mg  red  crystals.  The  mother  liquor  was  taken  to  dryness  and  the  residue 
redissolved  in  2ml  of  hexane.  The  solution  was  kept  at  -16  ^C  for  two  days  to  give  a 
second  crop  of  30  mg  red  crystals.  The  yield  is  42  %,  mp.  80-85  ^C  (decomp.).  ^H  NMR 
(C6D6):  5  8.60  (d,  2H/h-h  =  7.2),  7.0-7.4  (m,  8H,  Ph),  1.66  (s,  15H,  C(CH3)5),  1.1- 
1.9  (m,  33H,  PCya),  0.22  (s,  3H,  Si-CHO.  0.05  (s,  3H,  Si-CHO.  -11.6  (d,  IH,  Vr-p  = 
11.5  Hz,  Ru-H).  13C{1H}  NMR  (CeDe):  6  175.5  (d,  ^c-P  =  10.9  Hz,  CI),  152.66, 
148.55,  143.04,  128.95,  127.86,  127.17,  125.24,  124.74,  89.96(  d,  Vq-P  =  1.8Hz), 
30.78,  29.45  (br),  28.33  (br),  27.15,  11.90,  -0.31,  -0.50.  3ip{iH}  NMR  (CeDs)  6 
51.33.   29si{iH}  NMR  (CeDg)  5  -81.30  (d,  2ysi.p  =  34.7  Hz).  29si  NMR  (CeDe)  5 
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-81.30  (d  of  multip.,  Vsi-H  =  66  Hz).  MS  (FAB),  754  M+  515.2  (M-  Me2Si=C=CPh2)+ 
474  (M-PCy3)+.  Anal,  calcd.  for  C44H65PSiRu  •  I/2C7H8:  C,  71.28;  H,  8.69.  Found  C, 
71.25;  H,  8.89. 


Cp*fPMe2Ph^RiiH(Ti2-Me2Si=C=CPh2U6.261 

A  mixture  of  60  mg  of  6-24  and  20  |il  of  PMe2Ph  in  2  ml  of  CeD(,  was  heated  in 
an  ^fMR  tube  for  2  days.  Complex  6-26  was  formed  in  81  %  yield  (  by  ^H  NMR).  iR 
NMR  (C6D6)  5  8.20  (d,  2H),  7.75(  m,  2H,  Ph),  7.0-7.5  (m,  IIH,  Ph),  1.64  (s,  15H, 
C(£H3)5),  1.54  (d,  6H,  27h-p  =  7.0  Hz,  PMe-^Ph).  0.35  (s,  3H,  Si-CHO.  -0.27  (s,3H, 
Si-£H3),  -10.70  (d,  2/H.p  =  13.4  Hz).  13C  NMR  (CeDg)  5  177.60  (d,  ^Jc-p  =  11.7 
Hz),  124-152  (phenyl  carbons),  90.65  (d,  Vq-P  =  2.2  Hz),  19.10  (d,  Vc-P  =  27.9Hz), 
11.34,  -1.97,  -3.56.  3iP{iH}  NMR  (CeDg)  5  16.16.  29si{iH)  NMR  (€506)  5  -78.9  (d, 
Vsi-P  =  18.9  Hz).  29si  NMR  (CeDg)  5  -78.9  (br.  d,  Vsi-U  =  57  Hz).  HRMS  (FAB) 
calcd.  for  (M)+:  612.1909.  found  612.1955.  calcd.  for  (M-Me2HSi=C=CPh2)+: 
375.0809.  found  375.0804. 


Cp*(i-Pr2P)RuHfTi2-Me2SiC=C=CPh2U6-27^ 

To  a  solution  of  0.17  g  (0.54  mmol)  of  l-bromo-l-dimethylhydrosila-2,2- 
diphenylethylene  in  20  ml  of  diethyl  ether  was  added  dropwise  a  solution  of  BuLi  (0.54 
mmol)  in  pentane  by  syringe  over  5  min.  at  -78  °C.  The  mixture  was  stirred  an  additional 
hour  at  -78  ^C.  To  the  resulting  yellow  solution  was  added  0.151  g  (0.35  mmol)  of 
Cp*(Pi-Pr3)RuCl.  The  mixture  was  stirred  10  h  at  -78  ^C  while  warming  slowly  to  room 
temperature  to  give  a  yellow  green  solution.  The  solvent  was  evaporated  under  vacuum 
and  the  residue  was  extracted  with  30  ml  of  hexane  at  room  temperature.  The  filtered 
solution  was  concentrated  to  4  ml.  The  solution  was  kept  at  -16  ^C  for  a  few  days.  The 
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resulting  brown  crystals  were  removed  by  filtration  and  washed  with  2  ml  of  hexane  at  -30 
oC  to  give  78  mg  brown  crystals.  The  yield  is  35  %.  iR  NMR  (C^e)-  5  8.59  (d,  2H  Ju- 
H  =  7.2),  7.1-7.35  (m,  8H,  Ph),  1.8  (m,  3H,  P[CH(CH3)2]3),  1-64  (s,  15H,  C(CHOO. 
1.01-1.15  (m,  18H,  P[CH(CH3)2]3),  0.13  (s,  3H,  Si-CH^).  0.00  (s,  3H,  Si-CHO. 
-11.67  (d,  IH,  27h.p  =  15  Hz,  Ru-H).  i3c{iH}  NMR  (CeDe):  5  173.98  (d,  Vc-p  = 
10.1  Hz,  CI),  152.48,  148.51,  142.97,  129.03,  127.92,  127.47,  127.3,  125.24,  124.78, 
89.82  (  d,  Vc-p  =  1.9  Hz,  Cp),  28.03  (d,  Vc-p  =  16.4  Hz),  20.82,  19.51,  11.79,  -0.23, 
-1.29  .  3ip{iH}  NMR  (C6D6)  6  65.47.  29si{iH}  NMR  (CgDe)  5  -83.05  (d,  2/si.p  = 
16.3  Hz).  29si  NMR  (C6D6)  5  -83.05  (d  of  multip.,  2Jsi.H  =  62.2  Hz). 

Dimerization  of  Phenylacetylene 

A  mixture  of  25  mg  (0.03  mmol)  of  6-24  and  75  mg  (0.73  mmol)  of 
phenylacetylene  in  2  ml  of  CeDe  in  a  sealed  NMR  tube  was  heated  at  40  oC  for  8  h.  The 
mixture  was  then  treated  with  1  N  HCl  solution  and  extracted  with  pentane.  The  solvent 
was  evaporated  and  the  residue  chromatographed  on  a  silica  gel  column  with  hexane  to  give 
47  mg  (62  %)  of  1,4-diphenylbutenyne  (  cis  :  trans  =  95:5).  The  NMR  spectra  for  these 
two  isomers  are  the  same  as  those  previously  reported.  ^26 

Dimerization  of  1-Hexyne 

Similar  to  the  dimerization  of  phenylacetylene,  a  mixture  of  20  mg  (0.026  mmol) 

of  6-24  and  45  mg  of  1-hexyne  in  2  ml  of  CeT>s  was  heated  at  40  ^C  for  8  h  to  give  26 

mg  (57  %)  2,4-dibutylbutenyne.  The  NMR  spectra  were  identical  to  those  reported 
previously.  ^26 
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1  -Bromo- 1  -diphenylhydrosiIyl-2.2-diphenylethvlene  (6-28') 

To  a  solution  of  5g  (14.79  mmol)  of  l,l-dibromo-2,2-diphenylethyIene  dissolved 
in  100  ml  of  THF,  7.4  ml  (14.79  mmol)  of  2M  solution  of  n-BuLi  was  added  at  -100  ^C 
over20min.  After  addition  of  the  n-BuLi,  the  mixture  was  stirred  for  15  min.  and  2.9 
ml  (14.79  mmol,  3.24  g)  of  diphenyichlorosilane  was  added  at  100  "C.  The  reaction 
mixture  was  stirred  for  a  few  hours  at  low  temp,  and  later  warmed  slowly  to  room 
temperature.  The  solvent  was  removed  under  vacuum,  the  residue  was  dissolved  in  70  ml 
of  pentane  and  the  solution  was  filtered.  The  solution  was  concentrated  to  ca.  40  ml  and  the 
mixture  was  set  aside  in  the  freezer  (-16  °C).  After  12  h  the  solvent  was  decanted  leaving 
3.5  g  (53%  yield)  of  white  crystals,  mp  =  72-73  °C.  IR  (KBr):  3043  w,  2170,  1588  w, 
1551,  1488,  1441,  1428,  1384,  1308,  1269,  1186,  1116,  1028,  1000,  950,  915,  838, 
820  (br),  790,  763,  727,  697,  610,  597,  490,  469.  iR  NMR  (CgDg):  5  7.78  (m,  4H, 
Ph),  6.91-7.31  (m,  16H,  Ph),  5.28  (s,  IH,  Si-H).  13C{1H}  NMR  (C6D6):  160.05, 
143.14,  142.19,  136.28,  133.1,  130.36,  129.82,  129.52,  128.48,  128.39.  128.3  128.1, 
121.46.  29Si  NMR  (CeDe):  5  -23.48  (d,  i/n-Si  =  207  Hz).  HRMS  (FAB)  calcd.  for 
(M+l)+:  441.0674.  Found:  441.0676.  Anal,  calcd.  for  C26H2iSiBr:  C,  70.74;  H,  4.79. 
Found  C,  70.78;  H,  4.82. 

Preparation  of  l-hromo-l-dimethvlsiIvl-2.3-diphenvlcvclopropane  (6-321 

To  a  solution  of  Ig  (2.84  mmol)  of  l,l-dibromo-2,3-diphenylcyclopropane 
dissolved  in  25  ml  of  THF,  1.42  ml  (2.84  mmol)  of  2M  solution  of  n-BuLi  was  added  at 
-110  oC  over  10-15  min.  After  addition  of  the  n-BuLi  the  mixture  was  stirred  for  45 
min.  at  -1 10  ^C  and  0.31  ml  (2.84  mmol,  0.269  g)  of  dimethylchlorosilane  was  added  at 
-100  °C.  The  reaction  mixture  was  stirred  for  0.5  h  at  low  temp,  followed  by  slowly 
warming  to  room  temperature.  The  solvent  was  removed  under  vacuum,  the  residue  was 
dissolved  in  20  ml  of  pentane  and  the  solution  was  filtered.  The  solution  was  concentrated 
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leaving  ca.  7  ml  and  the  mixture  was  set  aside  in  dry  ice  for  20  h.  After  that  time  the  solvent 
was  decanted  leaving  0.662  g  (70%  yield)  of  white  crystaline  solid,  mp  =  46-48  ^C.  IR 
(KBr):  3031  w,  2965  w,  2124  m,  1601  m,  1496.5  m,  1447.7  m,  1384  m,  1247  s,  1164 
w,  1095  w,  1057  m,  1028  m,  937  s,  875  br.  vs,  751  s,  697  s.  iR  NMR  (CeDe):  5  6.99- 
7.17  (m,  8H,  Ph),  3.83  (sept.,  IH,  Vh-H  =  3.3  Hz,  Si-H)  3.2  (d,  IH,  Vu-H  =  7.6  Hz), 
2.61  (d,  IH,  3yH.H  =  7.6  Hz),  0.02  (d,  3H,  ^Jh-h  =  3.3,  Si-CHO.  -0.3  (d,  3H,  ^Jh-h  = 
3.3,  Si-CHs).  13C{1H}  NMR  (C6D6):  137.83,  137.8,  129.83,  129.09,  128.53,  128.36, 
127.25,  127.22,  37.46,  36.59,  32.21,  -4.49,  -4.55.  29Si  NMR  (CeDg):  5  -7.7  (d  of 
mult.,  i/H-Si  =  194.1  Hz).  HRMS  (FAB)  calcd.  for  (M-(-l)+:  331.0518.  Found: 
331.0528.  Anal,  calcd.  for  Ci7Hi9SiBr:  C,  61.63;  H,  5.78.  Found  C,  61.83;  H,  5.72. 


Crystallographic  Studies 


Crvstallographic  Analisis  of  Complex  2-12 

Data  were  collected  at  room  temperature  on  a  Siemens  R3mA^  diffractometer 
equipped  with  a  graphite  monochromator  utilizing  MoK^  radiation  (k  =  0.71073  A).  32 
reflections  with  20.0°  <  26  <  22.0°  were  used  to  refine  the  cell  parameters  of  each  crystal. 
Four  reflections  were  measured  every  96  reflections  to  monitor  instrument  and  crystal 
stability  for  each  data  set  (maximum  correction  on  I  was  x  %).  Absorption  corrections 
were  applied  based  on  measured  crystal  faces  using  SHELXTL  plus  .1^7  The  structure  was 
refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The  structure  of  2-12  was 
solved  by  the  heavy-atom  method  in  SHELXTL  plus  from  which  the  location  of  the  Pd 
atoms  were  obtained.  The  rest  of  the  non-hydrogen  atoms  were  obtained  from  subsequent 
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Difference  Fourier  maps.  All  non-H  atoms  were  refined  with  anisotropic  thermal 
parameters,  while  positions  of  all  of  the  H-atoms  were  calculated  in  ideal  positions  and 
their  isotropic  thermal  parameters  were  fixed.  The  linear  absorption  coefficients  were 
calculated  from  values  from  the  International  Tables  for  X-ray  CrystallographyA^^ 
Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and  Manni39  with 
anomalous-dispersion  corrections  from  Cromer  and  Liberman.i^o  while  those  of  hydrogen 
atoms  were  from  Stewart,  Davidson  and  Simpson. ^^i 


Crvstallographic  Analisis  of  Complex  3-10 

Data  were  collected  at  room  temperature  on  a  Siemens  R3mfV  diffractometer 
equipped  with  a  graphite  monochromator  utilizing  MoKa  radiation  (X,  =  0.71073  A).  30 
reflections  with  20.0°  <  20  <  22.0°  were  used  to  refine  the  cell  parameters  of  each  crystal. 
Four  reflections  (030,  113,  130,  013)  were  measured  every  96  reflections  to  monitor 
instrument  and  crystal  stability  for  each  data  set  (maximum  correction  on  I  were  4%). 
Absorption  corrections  were  applied  based  on  measured  crystal  faces  using  SHELXTL 
plus  .137  The  structure  was  refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The 
structure  of  3-10  was  solved  by  the  heavy-atom  method  in  SHELXTL  plus  from  which 
the  location  of  the  Pt  atoms  were  obtained.  The  rest  of  the  non-hydrogen  atoms  were 
obtained  from  subsequent  Difference  Fourier  maps.  All  non-H  atoms  were  refined  with 
anisotropic  thermal  parameters,  while  positions  of  all  of  the  H-atoms  were  calculated  in 
ideal  positions  and  their  isotropic  thermal  parameters  were  fixed.  In  3-10  disordered 
toluene  were  found  and  refined.  The  toluene  molecules  were  disordered  in  the  methyl 
group  only.  While  all  of  the  ring  C  atoms  were  not  disordered,  two  methyl  groups  of  50% 
occupancy  were  refined  in  para  positions.  The  linear  absorption  coefficients  were 
calculated  from  values  from  the  International  Tables  for  X-ray  Crystallography A^^ 
Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and  Manni39  with 
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anomalous-dispersion  corrections  from  Cromer  and  Liberman,i40  while  those  of  hydrogen 
atoms  were  from  Stewart,  Davidson  and  Simpson  M^ 

Crystallographic  Analisis  of  Compound  3-14 

Data  were  collected  at  room  temperature  on  a  Siemens  R3nVV  diffractometer 
equipped  with  a  graphite  monochromator  utilizing  MoKa  radiation  (X,  =  0.71073  A).  34 
reflections  with  20.0°  <  26  <  22.0°  were  used  to  refine  the  cell  parameters  of  each  crystal. 
Four  reflections  (121;  010;  121;  012)  were  measured  every  96  reflections  to  monitor 
instrument  and  crystal  stability  for  each  data  set  (maximum  correction  on  I  was  1%). 
Absorption  corrections  were  applied  based  on  measured  crystal  faces  using  SHELXTL 
plus  .137  The  structure  was  refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The 
structure  of  3-14  was  solved  by  Direct  Methods.  The  non-H  atoms  were  refined  with 
anisotropic  thermal  parameters  and  the  H  atoms  were  located  from  a  subsequent  Difference 
Fourrier  map  and  refined  without  any  constraints.  The  linear  absorption  coefficients  were 
calculated  from  values  from  the  International  Tables  for  X-ray  Crystallography .^"^^ 
Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and  Manni39  with 
anomalous-dispersion  corrections  from  Cromer  and  Liberman,i'*o  while  those  of  hydrogen 
atoms  were  from  Stewart,  Davidson  and  Simpson.^^i 

Crvstallographic  Analisis  of  Complex  3-23 

Data  were  collected  at  room  temperature  on  a  Siemens  RSmA'  diffractometer 
equipped  with  a  graphite  monochromator  utilizing  MoKa  radiation  (A,  =  0.71073  A).  32 
reflections  with  20.0°  <  29  <  22.0°  were  used  to  refine  the  cell  parameters  of  each  crystal. 
Four  reflections  (102;  120;  102;  020)  were  measured  every  96  reflections  to  monitor 
instrument  and  crystal  stability  for  each  data  set  (maximum  correction  on  I  was  4  %). 
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Absorption  corrections  were  applied  based  on  measured  crystal  faces  using  SHELXTL 
plus  .137  The  structure  was  refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The 
structure  of  3-23  was  solved  by  the  heavy-atom  method  in  SHELXTL  plus  from  which 
the  location  of  the  Pt  atoms  were  obtained.  The  rest  of  the  non-hydrogen  atoms  were 
obtained  from  subsequent  Difference  Fourier  maps.  All  non-H  atoms  were  refined  with 
anisotropic  thermal  parameters,  while  positions  of  all  of  the  H-atoms  were  calculated  in 
ideal  positions  and  their  isotropic  thermal  parameters  were  fixed.  Along  with  the  Pt 
complex  in  3-23,  methylene  chloride  was  found  and  its  non-H  atoms  were  fully  refined. 
The  linear  absoiption  coefficients  were  calculated  from  values  from  the  International  Tables 
for  X-ray  Crystallography  .'^^  Scattering  factors  for  non-hydrogen  atoms  were  taken  from 
Cromer  and  Manni39  with  anomalous-dispersion  corrections  from  Cromer  and 
Liberman,i'*o  while  those  of  hydrogen  atoms  were  from  Stewart,  Davidson  and 
Simpson.  141 

Crvstallographic  Analisis  of  Complex  4-5 

Data  were  collected  at  room  temperature  on  a  Siemens  RSnVV  diffractometer  equipped  with 
a  graphite  monochromator  utilizing  MoKq  radiation  (k  =  0.71073  A).  32  reflections  with  20.0°  < 
26  <  22.0°  were  used  to  refine  the  cell  parameters.  7933  reflections  were  collected  using  the  co- 
scan  method.  Four  reflections  (101,011,  112,  021)  were  measured  every  96  reflections  to  monitor 
instrument  and  crystal  stability  (maximum  correction  on  I  was  <  1  %).  Absorption  corrections 
were  applied  based  on  measured  crystal  faces  using  SHELXTL  plus^^'^;  absorption  coefficient,  |i 
=  3.75  mm-i  (min.  and  max.  transmission  factors  are  0.404  and  0.722,  respectively).  The 
structure  was  solved  by  the  heavy-atom  method  in  SHELXTL  plus  from  which  the  locations  of 
the  Pt  and  Mo  atoms  were  obtained.  The  rest  of  the  non-hydrogen  atoms  were  obtained  from  a 
subsequent  difference  Fourier  map.  The  structure  was  refined  in  SHELXTL  plus  using  full- 
matrix  least  squares.    The  asymmetric  unit  contains  the  complex  and  one  half  of  a  benzene 
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molecule  of  crystallization.  The  non-H  atoms  were  treated  anisotropically,  whereas  the  positions 
of  the  hydrogen  atoms  were  calculated  in  ideal  positions  and  their  isotropic  thermal  parameters 
were  fixed.  505  parameters  were  refined  and  S  w  (  |  Fo  I  -  I  Fc  I  )2  was  minimized;  w=  l/(a  I  Fo  I  )2, 
a(  Fo)  =  0.5  kl  -i/2{[o(  I  )j2  +  (0.021)2  }  1/2 , 1(intensity)=  ( I  peak  -  Wkground  )(scan  rate  ),  and 
Cf(I)  =  ( I  peak  +  I  background) ^^  (scan  rate),  k  is  the  correction  due  to  decay  and  Lp  effects,  0.02  is 
a  factor  used  to  down  weight  intense  reflections  and  to  account  for  instrument  instability.  The 
linear  absorption  coefficient  was  calculated  from  values  from  the  International  Tables  for  X-ray 
Crystallography  .^38  Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and 
Manni39  with  anomalous-dispersion  corrections  from  Cromer  and  Liberman,!'*^  while  those  of 
hydrogen  atoms  were  from  Stewart,  Davidson  and  Simpson.!"*! 

Crvstallographic  Analisis  of  Complex  4-10 

Data  were  collected  at  room  temperature  on  a  Siemens  R3nVV  diffractometer  equipped  with 
a  graphite  monochromator  utilizing  MoK^  radiation  (k  =  0.71073  A).  32  reflections  with  20.0°  < 
29  <  22.0°  were  used  to  refine  the  cell  parameters.  8412  reflections  were  collected  using  the  co- 
scan  method.  Four  reflections  were  measured  every  96  reflections  to  monitor  instrument  and 
crystal  stability  (maximum  correction  on  I  was  <  4  %).  Absorption  corrections  were  appUed  based 
on  measured  crystal  faces  using  SHELXTL  plus^'^'^;  absorption  coefficient,  p.  =  3.16  mm-1  (min. 
and  max.  transmission  factors  are  0.514  and  0.723,  respectively).  The  structure  was  solved  by  the 
heavy-atom  method  in  SHELXTL  plus  from  which  the  locations  of  the  Pt  and  Mo  atoms  were 
obtained.  The  rest  of  the  non-hydrogen  atoms  were  obtained  from  a  subsequent  difference  Fourier 
map.  The  structure  was  refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The 
asymmetric  unit  contains  one  complex  and  two  partial  benzene  molecules  of  crystallization.  The 
site-occupation  factors  of  these  benzene  molecules  were  dependently  refined.  One  refined  to 
0.55(1)  and  consequently  the  other  partial  benzene  has  an  occupation  factor  of  0.45(1).  The  non-H 
atoms  of  the  complex  were  treated  anisotropically,  whereas  the  benzene  molecules  atoms  were 
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refined  with  isotropic  thermal  parameters.  The  positions  of  the  hydrogen  atoms  were  calculated  in 
ideal  positions  and  their  isotropic  thermal  parameters  were  fixed.  In  the  final  cycle  of  refinement 
4228  reflections  with  F  >  5a(F)  gave  R  and  wR  values  of  5.49%  and  5.67,  respectively.  Since 
the  space  group  P2i  is  chiral,  the  absolute  configuration  of  the  structure  was  determined  by 
refining  the  enantiomer  with  the  same  data.  This  refinement  yielded  R  and  wR  values  of  6.27  and 
7.10,  respectively.  Using  the  Hamiltoni42  test,  the  structure  of  the  enantiomer  was  rejected  at  a 
confidence  level  of  99.95%.  Additionally,  the  chirality/polarityi'*^  factor  Tj  (a  factor  multiplying 
/')  was  refined  to  0.40(3).  The  r[  value  should  normally  refine  to  1  with  a  small  e.s.d.  for  the 
correct  enantiomer  or  -1  for  the  wrong  enantiomer.  Perhaps  T]  did  not  refine  to  a  value  of  1 
because  of  the  small  number  of  Friedel  relative  reflections  that  were  collected.  526  parameters 
were  refined  and  Z  w  (  |Fo|  -  |Fcl)2  was  minimized;  w=l/(a|Fo|)2,  a(  Fo)  =  0.5  kl  '^''^{[a{  I 
)]2  +  (0.021)2  }  1/2  ^  I(intensity)=  (  I  peak  -  Ibackground  )(scan  rate  ),  and  cy(I)  =  (  I  peak  +  I 
background)*^  (scan  rate),  k  is  the  correction  due  to  decay  and  Lp  effects,  0.02  is  a  factor  used  to 
down  weight  intense  reflections  and  to  account  for  instrument  instability.  The  linear  absorption 
coefficient  was  calculated  fix)m  values  from  the  International  Tables  for  X-ray  Crystallography  .138 
Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and  Manni39  (1968)  with 
anomalous-dispersion  corrections  from  Cromer  and  Liberman,i40  while  those  of  hydrogen  atoms 
were  from  Stewart,  Davidson  and  Simpson.  1^*1 

Crvstallographic  Analisis  of  Complex  6-24 

Data  were  collected  at  room  temperature  on  a  Siemens  PSmA'  diffractometer 
equipped  with  a  graphite  monochromator  utilizing  MoKa  radiation  {X  =  0.71073  A).  32 
reflections  with  20.0°  <  20  <  22.0°  were  used  to  reflne  the  unit  cell  parameters.  Four 
reflections  were  measured  every  96  reflections  to  monitor  instrument  and  crystal  stability 
(maximum  correction  on  I  was  4  %).  Absorption  corrections  were  applied  based  on 
measured  crystal  faces  using  SHELXTL  plus  P"^  The  structure  was  solved  by  the  heavy- 
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atom  methcxl  in  SHELXTL  plus  from  which  the  location  of  the  Ru  atom  was  obtained. 
The  rest  of  the  non-hydrogen  atoms  were  obtained  from  a  subsequent  Difference  Fourier 
map.  The  structure  was  refined  in  SHELXTL  plus  using  full-matrix  least  squares.  The 
non-H  atoms  of  the  complex  were  treated  anisotropically,  and  the  positions  of  the  hydrogen 
atoms,  except  HI,  were  calculated  in  idealized  positions  and  their  isotropic  thermal 
parameters  were  fixed.  HI  was  obtained  from  a  Difference  Fourier  map  and  refined 
without  any  constraints.  Along  with  the  Ru  complex,  toluene  molecules  of  crystallization 
were  found  disordered  (interleaved)  around  inversion  centers.  Five  C  atoms  were  refined, 
three  of  which  have  50%  occupancy  and  the  other  two  have  full  occupancy.  Consequendy, 
the  Ru  complex  to  toluene  ratio  is  2: 1.  The  toluene  C  atoms  were  refined  isotropically  and 
their  H  atoms  were  not  included  in  the  refinement.  The  linear  absorption  coefficients  were 
calculated  from  values  from  the  International  Tables  for  X-ray  Crystallography}^^ 
Scattering  factors  for  non-hydrogen  atoms  were  taken  from  Cromer  and  Mann  1^9  with 
anomalous-dispersion  corrections  from  Cromer  and  Liberman,^'*^  while  those  of  hydrogen 
atoms  were  from  Stewart,  Davidson  and  Simpson.^'*' 


APPENDIX  A 

SINGLE  CRYSTAL  X-RAY  STUDIES 


Crystal  Structure  Data  for  Complex  2-12. 


Crystal  data 

a,  A 

b,  A 

c,  A 

P,  deg. 

V,A3 

^calc,gcm-3(298K) 
Empirical  formula 
Formula  wt,  g 
Crystal  system 
Space  group 
Z 

F(0(X)),  electrons 
Crystal  size  (mm^) 

Data  collection  (298  K) 

Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min."^ 

29  range,  deg. 
Range  of  hkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  \i  (Mo-Ko),  cm"^ 
Min.  &  Max.  Transmission 

Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  2a(I) 
Supplementary  Table  A-1  continued. 


Table  A-1:  Crystallographic  data. 

2-12 

13.543(3) 
17.244(2) 
16.124(2) 

107.82(1) 

3585(1) 

1.336 

C43H36P2Pd 

721.06 

Monoclinic 

P2i/c 

4 

1480 

0.76  X  0.23  X  0.23 


Mo-Ka,  0.71073 

CO- scan 

Symmetrically  over  1.2°  about  Kaj  2  inaximi 

offset  1.0  and  -1.0  in  co  from  Ka2,2  niaximui 

3-6 

3-50 

0   <  A  <  0 

-Q      <  k  <  0 

-0  <  /  <  0 

6827 
6299 
0.64 


0.852 

1.47708 
5010 


0.902 


No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

min.  peak  in  diff.  four,  map  (e  A"^) 

max.  peak  in  diff.  four,  map  (e  A'^) 


415 

4.11    4.68 

0.0000 

0.0000 

-0.3 

0.4 
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Table  A-2:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for  the 

non-H  atoms  of  complex  2-12. 


Atom 


U 


Pd 

0.12630(2) 

0.09004(2) 

0.19200(2) 

0.04291(11) 

PI 

0.24607(8) 

0.02319(6) 

0.30121(6) 

0.0451(3) 

P2 

0.21141(7) 

0.16371(6) 

0.11518(6) 

0.0448(3) 

CI 

-0.0255(3) 

0.1179(3) 

0.1373(3) 

0.060(2) 

C2 

-0.0191(3) 

0.0747(2) 

0.2016(3) 

0.055(2) 

C3 

-0.0905(4) 

0.0506(3) 

0.2467(4) 

0.081(2) 

C4 

-0.1759(4) 

0.0957(3) 

0.2376(4) 

0.091(3) 

C5 

-0.2091(4) 

0.1597(4) 

0.1830(5) 

0.098(3) 

C6 

-0.1854(4) 

0.1858(4) 

0.1118(5) 

0.099(3) 

C7 

-0.1096(4) 

0.1598(4) 

0.0750(4) 

0.105(3) 

C21 

0.1960(3) 

-0.0143(2) 

0.3870(2) 

0.0478(14) 

C22 

0.2150(4) 

0.0189(3) 

0.4672(3) 

0.068(2) 

C23 

0.1690(4) 

-0.0080(4) 

0.5264(3) 

0.090(3) 

C24 

0.1037(4) 

-0.0694(3) 

0.5073(3) 

0.086(2) 

C25 

0.0826(4) 

-0.1043(3) 

0.4278(3) 

0.088(3) 

C26 

0.1277(4) 

-0.0753(3) 

0.3679(3) 

0.080(2) 

C31 

0.3020(3) 

-0.0637(2) 

0.2670(3) 

0.0496(14) 

C32 

0.3001(3) 

-0.0690(3) 

0.1813(3) 

0.066(2) 

C33 

0.3444(4) 

-0.1329(4) 

0.1544(4) 

0.089(3) 

C34 

0.3885(4) 

-0.1902(3) 

0.2114(4) 

0.090(3) 

C35 

0.3903(4) 

-0.1854(3) 

0.2962(4) 

0.079(2) 

C36 

0.3473(3) 

-0.1226(3) 

0.3242(3) 

0.065(2) 

C41 

0.3590(3) 

0.0796(2) 

0.3624(2) 

0.0488(14) 

C42 

0.4600(3) 

0.0529(3) 

0.3890(3) 

0.070(2) 

C43 

0.5414(4) 

0.1021(4) 

0.4285(3) 

0.088(2) 

C44 

0.5227(5) 

0.1777(3) 

0.4450(3) 

0.093(3) 

C45 

0.4245(5) 

0.2042(3) 

0.4204(3) 

0.086(2) 

C46 

0.3428(4) 

0.1563(3) 

0.3793(3) 

0.066(2) 

C51 

0.1274(3) 

0.1844(2) 

0.0047(2) 

0.0490(14) 

C52 

0.1196(3) 

0.2576(3) 

-0.0329(3) 

0.063(2) 

C53 

0.0498(4) 

0.2700(3) 

-0.1149(3) 

0.082(2) 

C54 

-0.0097(4) 

0.2103(4) 

-0.1599(3) 

0.090(2) 

C55 

-0.0022(4) 

0.1379(4) 

-0.1239(3) 

0.082(2) 

C56 

0.0670(3) 

0.1247(3) 

-0.0410(3) 

0.065(2) 

C61 

0.2441(3) 

0.2593(2) 

0.1649(2) 

0.0480(14) 

C62 

0.1863(3) 

0.2874(3) 

0.2155(3) 

0.062(2) 

C63 

0.2097(4) 

0.3582(3) 

0.2573(3) 

0.080(2) 

C64 

0.2908(4) 

0.4007(3) 

0.2504(4) 

0.082(2) 

C65 

0.3483(4) 

0.3751(3) 

0.1998(4) 

0.084(2) 

C66 

0.3247(3) 

0.3049(3) 

0.1567(3) 

0.070(2) 

C71 

0.3339(3) 

0.1340(2) 

0.0984(3) 

0.0479(15) 

C72 

0.4202(3) 

0.1266(3) 

0.1708(3) 

0.061(2) 

C73 

0.5144(3) 

0.1038(3) 

0.1621(3) 

0.071(2) 

C74 

0.5243(4) 

0.0882(3) 

0.0825(4) 

0.078(2) 

C75 

0.4385(4) 

0.0932(3) 

0.0094(4) 

0.082(2) 

C76 

0.3432(3) 

0.1163(3) 

0.0176(3) 

0.065(2) 
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Table  A-3:  Bond  Lengths  (A)  and  Angles  {^)  for  the  non-H  atoms  of  complex  2-12 


1-2 


1-2-3 


PI 

Pd 

P2 

2.3049(10) 

109.53(4) 

PI 

Pd 

CI 

146.31(14) 

P2 

Pd 

CI 

2.3131(12) 

103.99(14) 

P2 

Pd 

C2 

139.74(12) 

CI 

Pd 

C2 

2.031(4) 

36.0(2) 

C2 

Pd 

PI 

2.039(4) 

110.30(12) 

C21 

PI 

C31 

1.834(4) 

102.7(2) 

C21 

PI 

C41 

102.8(2) 

C21 

PI 

Pd 

114.60(12) 

C31 

PI 

C41 

1.838(4) 

104.0(2) 

C31 

PI 

Pd 

115.91(12) 

C41 

PI 

Pd 

1.826(4) 

115.05(12) 

C51 

P2 

C61 

1.832(3) 

104.2(2) 

C51 

P2 

C71 

103.4(2) 

C51 

P2 

Pd 

111.40(14) 

C61 

P2 

C71 

1.827(4) 

102.0(2) 

C61 

P2 

Pd 

110.75(14) 

C71 

P2 

Pd 

1.833(4) 

123.18(13) 

C2 

CI 

C7 

1.258(6) 

134.7(5) 

C2 

CI 

Pd 

72.3(2) 

C7 

CI 

Pd 

1.458(7) 

152.8(4) 

Ci 

C2 

Pd 

1.438(8) 

153.0(3) 

C3 

C2 

CI 

134.4(4) 

Pd 

C2 

CI 

71.6(3) 

C4 

C3 

C2 

1.364(8) 

117.4(5) 

C5 

C4 

C3 

1.398(9) 

128.1(6) 

C6 

C5 

C4 

1.360(11) 

132.8(6) 

€7 

C6 

C5 

1.407(10) 

130.0(6) 

CI 

C7 

C6 

112.5(5) 

C22 

C21 

C26 

1.365(6) 

116.8(4) 

C22 

C21 

PI 

124.2(3) 

C26 

C21 

PI 

1.372(6) 

118.7(3) 

C23 

C22 

C21 

1.370(8) 

121.7(4) 

C24 

C23 

C22 

1.354(8) 

120.7(5) 

C25 

C24 

C23 

1.365(8) 

119.6(6) 

C26 

C25 

C24 

1.385(8) 

119.0(5) 

C21 

C26 

C25 

122.1(4) 

C32 

C31 

C36 

1.377(6) 

119.3(4) 

C32 

C31 

PI 

118.2(3) 

C36 

C31 

PI 

1.382(6) 

122.6(3) 

C33 

C32 

C31 

1.387(8) 

119.4(4) 

C34 

C33 

C32 

1.358(8) 

120.6(6) 

C35 

C34 

C33 

1.363(10) 

120.3(6) 

C36 

C35 

C34 

1.369(7) 

120.0(5) 

C31 

C36 

C35 

120.5(5) 

C42 

C41 

C46 

1.382(6) 

117.3(4) 

C42 

C41 

PI 

125.2(3) 

C46 

C41 

PI 

1.381(6) 

117.4(3) 
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Table  A-3  Continued 


1-2 


1-2-3 


C43 

C42 

C41 

C44 

C43 

C42 

C45 

C44 

C43 

C46 

C45 

C44 

C41 

C46 

C45 

C52 

C51 

C56 

C52 

C51 

P2 

C56 

C51 

P2 

C53 

C52 

C51 

C54 

C53 

C52 

C55 

C54 

C53 

C56 

C55 

C54 

C51 

C56 

C55 

C62 

C61 

C66 

C62 

C61 

P2 

C66 

C61 

P2 

C63 

C62 

C61 

C64 

C63 

C62 

C65 

C64 

C63 

C66 

C65 

C64 

C61 

C66 

C65 

C72 

C/1 

C76 

L72 

L71 

P2 

L76 

C71 

P2 

C73 

C72 

C71 

C74 

C73 

C72 

C75 

C74 

L73 

C76 

C75 

C74 

C71 

C76 

C75 

1.382(7) 

120.8(5) 

1.369(9) 

120.3(5) 

1.346(9) 

119.5(5) 

1.377(7) 

120.9(5) 

121.2(5) 

1.389(6) 

119.4(3) 

122.9(3) 

1.380(6) 

117.6(3) 

1.387(6) 

119.7(4) 

1.370(8) 

120.5(5) 

1.369(9) 

120.4(4) 

1.396(6) 

119.8(5) 

120.2(5) 

1.380(7) 

117.5(4) 

118.1(3) 

1.384(6) 

124.3(3) 

1.384(7) 

120.8(5) 

1.353(8) 

120.5(6) 

1.361(9) 

120.1(5) 

1.384(7) 

119.9(5) 

121.2(5) 

1.382(5) 

118.6(4) 

118.1(3) 

1.381(7) 

123.3(3) 

1.383(7) 

120.6(5) 

1.357(9) 

120.8(4) 

1.382(7) 

119.6(5) 

1.395(8) 

119.8(5) 

120.5(4) 

Table  A-4:   Anisotropic  thermal  parameters''  for  the  non-H  atoms  of  complex  2-12 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


Pd 
PI 
P2 
CI 
C2 
C3 
C4 
C5 
C6 


0.0406(2) 

0.0485(6) 

0.0410(5) 

0.040(2) 

0.044(2) 

0.069(3) 

0.069(3) 

0.046(3) 

0.052(3) 


0.0475(2) 

0.0457(6) 

0.0501(6) 

0.076(3) 

0.056(3) 

0.076(3) 

0.091(4) 

0.098(5) 

0.100(4) 


0.0389(2) 

0.0381(5) 

0.0419(5) 

0.062(3) 

0.063(3) 

0.110(4) 

0.130(5) 

0.158(6) 

0.137(5) 


0.00182(14) 
0.0052(5) 
0.0024(4) 
0.007(2) 

-0.002(2) 

-0.004(3) 

-0.011(3) 

-0.001(3) 
0.025(3) 


0.00956(11) 

0.0089(4) 

0.0107(4) 

0.010(2) 

0.015(2) 

0.047(3) 

0.057(3) 

0.044(4) 

0.018(3) 


0.00705(14) 
0.0039(4) 
0.0080(5) 
0.008(2) 
-0.001(2) 
0.017(3) 
0.001(4) 
-0.018(4) 
0.019(4) 
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Table  A-4  Continued 

Atom 

Ull 

U22 

U33 

U12 

U13 

U23 

C7 

0.077(4) 

0.128(5) 

0.101(4) 

0.028(4) 

0.012(3) 

0.040(4) 

C21 

0.049(2) 

0.050(2) 

0.042(2) 

0.005(2) 

0.010(2) 

0.009(2) 

C22 

0.077(3) 

0.072(3) 

0.059(3) 

-0.010(2) 

0.029(2) 

-0.006(2) 

C23 

0.108(4) 

0.115(5) 

0.056(3) 

-0.021(4) 

0.040(3) 

-0.011(3) 

C24 

0.089(4) 

0.114(5) 

0.068(3) 

-0.008(3) 

0.044(3) 

0.013(3) 

C25 

0.099(4) 

0.088(4) 

0.079(4) 

-0.032(3) 

0.032(3) 

0.009(3) 

C26 

0.103(4) 

0.085(4) 

0.052(3) 

-0.032(3) 

0.027(3) 

-0.009(2) 

C31 

0.050(2) 

0.045(2) 

0.051(2) 

0.003(2) 

0.011(2) 

-0.003(2) 

C32 

0.071(3) 

0.068(3) 

0.057(3) 

0.005(2) 

0.016(2) 

-0.005(2) 

C33 

0.096(4) 

0.102(4) 

0.074(3) 

0.017(3) 

0.032(3) 

-0.022(3) 

C34 

0.082(4) 

0.069(3) 

0.117(5) 

0.016(3) 

0.028(3) 

-0.026(3) 

C35 

0.079(3) 

0.053(3) 

0.102(4) 

0.013(2) 

0.024(3) 

0.005(3) 

C36 

0.076(3) 

0.053(3) 

0.066(3) 

0.013(2) 

0.020(2) 

0.005(2) 

C41 

0.057(2) 

0.048(2) 

0.038(2) 

0.001(2) 

0.009(2) 

0.005(2) 

C42 

0.061(3) 

0.063(3) 

0.073(3) 

0.001(2) 

0.002(2) 

0.011(2) 

C43 

0.058(3) 

0.106(5) 

0.078(3) 

-0.011(3) 

-0.010(3) 

0.017(3) 

C44 

0.103(5) 

0.086(4) 

0.067(3) 

-0.038(4) 

-0.007(3) 

0.011(3) 

C45 

0.115(5) 

0.059(3) 

0.073(3) 

-0.021(3) 

0.014(3) 

-0.009(3) 

C46 

0.078(3) 

0.060(3) 

0.056(3) 

0.000(2) 

0.017(2) 

-0.001(2) 

C51 

0.044(2) 

0.061(3) 

0.042(2) 

0.006(2) 

0.014(2) 

0.009(2) 

C52 

0.066(3) 

0.069(3) 

0.051(2) 

0.010(2) 

0.016(2) 

0.011(2) 

C53 

0.107(4) 

0.085(4) 

0.051(3) 

0.035(3) 

0.020(3) 

0.022(3) 

C54 

0.089(4) 

0.123(5) 

0.045(3) 

0.034(4) 

0.001(3) 

0.008(3) 

C55 

0.078(3) 

0.108(4) 

0.051(3) 

-0.002(3) 

0.004(2) 

-0.009(3) 

C56 

0.064(3) 

0.075(3) 

0.053(3) 

-0.005(2) 

0.011(2) 

0.004(2) 

C61 

0.044(2) 

0.049(2) 

0.047(2) 

0.008(2) 

0.008(2) 

0.007(2) 

C62 

0.065(3) 

0.059(3) 

0.061(3) 

0.010(2) 

0.017(2) 

0.006(2) 

C63 

0.096(4) 

0.072(4) 

0.073(3) 

0.017(3) 

0.026(3) 

0.000(3) 

C64 

0.088(4) 

0.051(3) 

0.091(4) 

0.010(3) 

0.007(3) 

-0.009(3) 

C65 

0.066(3) 

0.056(3) 

0.121(5) 

-0.006(3) 

0.017(3) 

-0.004(3) 

C66 

0.062(3) 

0.055(3) 

0.095(4) 

0.002(2) 

0.026(3) 

-0.001(3) 

C71 

0.047(2) 

0.040(2) 

0.059(2) 

0.003(2) 

0.020(2) 

0.007(2) 

C72 

0.048(2) 

0.070(3) 

0.065(3) 

0.001(2) 

0.018(2) 

0.008(2) 

C73 

0.050(3) 

0.070(3) 

0.088(4) 

0.007(2) 

0.014(2) 

0.008(3) 

C74 

0.063(3) 

0.067(3) 

0.111(4) 

0.011(3) 

0.038(3) 

-0.007(3) 

C75 

0.090(4) 

0.082(4) 

0.085(4) 

0.017(3) 

0.044(3) 

-0.015(3) 

C76 

0.066(3) 

0.065(3) 

0.064(3) 

0.010(2) 

0.022(2) 

-0.001(2) 
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Table  A-5:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms  of 

complex  2-12 


Atom 


U 


H3 

-0.07924 

0.00446 

0.28171 

0.08 

H4 

-0.21898 

0.08149 

0.27267 

0.08 

H5 

-0.25772 

0.19213 

0.19939 

0.08 

H6 

-0.22659 

0.22856 

0.08212 

0.08 

H7a 

-0.14213 

0.12522 

0.02785 

0.08 

H7b 

-0.082 

0.20372 

0.05298 

0.08 

H22 

0.2622 

0.06181 

0.48226 

0.08 

H23 

0.1845 

0.0165 

0.58242 

0.08 

H24 

0.07189 

-0.08763 

0.5493 

0.08 

H25 

0.03696 

-0.14825 

0.41371 

0.08 

H26 

0.11143 

-0.09886 

0.31136 

0.08 

H32 

0.26893 

-0.02886 

0.14048 

0.08 

H33 

0.34414 

-0.13686 

0.0949 

0.08 

H34 

0.41894 

-0.2344 

0.19238 

0.08 

H35 

0.42125 

-0.22601 

0.33645 

0.08 

H36 

0.34891 

-0.11945 

0.38402 

0.08 

H42 

0.47421 

-0.00044 

0.37984 

0.08 

H43 

0.61145 

0.08324 

0.44495 

0.08 

H44 

0.57932 

0.21128 

0.47365 

0.08 

H45 

0.41129 

0.25725 

0.43172 

0.08 

H46 

0.27359 

0.17678 

0.3621 

0.08 

H52 

0.16261 

0.29912 

-0.00225 

0.08 

H53 

0.04366 

0.32075 

-0.14054 

0.08 

H54 

-0.05728 

0.21969 

-0.21684 

0.08 

H55 

-0.04484 

0.0965 

-0.15546 

0.08 

H56 

0.07254 

0.07379 

-0.01576 

0.08 

H62 

0.1289 

0.25817 

0.22216 

0.08 

H63 

0.16935 

0.37783 

0.29234 

0.08 

H64 

0.30819 

0.4492 

0.28053 

0.08 

H65 

0.40534 

0.40509 

0.19368 

0.08 

H66 

0.36433 

0.28719 

0.12023 

0.08 

H72 

0.41492 

0.13763 

0.22762 

0.08 

H73 

0.57357 

0.09882 

0.21312 

0.08 

H74 

0.59059 

0.0733 

0.0776 

0.08 

H75 

0.44467 

0.0812 

-0.04696 

0.08 

H76 

0.2837 

0.11998 

-0.03326 

0.08 
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Crystal  data 

a,  A 

b,  A 

c,  A 
a,  deg. 
P,  deg. 
Y,  deg. 

V,A3 

^calc,gcm-3(298K) 
Empirical  formula 
Formula  wt,  g 
Crystal  system 

Space  group 

Z 

F(OOO),  electrons 

Crystal  size  (mm^) 


Crystal  Structure  Data  for  Complex  3-10. 
Table  A-6:  Crystallographic  data. 

3-10 

11.221(2) 
14.318(2) 
16.621(4) 

74.22(2) 

78.86(2) 

73.56(2) 

2445.0(9) 

1  38 

C58H460P2Pt 

1015.98 
Triclinic 

pi 

2 
1020 

0.63  X  0.30  X  0.06 


Data  collection  (298  K) 

Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min.'^ 

26  range,  deg. 
Range  oihkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  |i  (Mo-Ko),  mm'^ 
Min.  &  Max.  Transmission 

Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  3a(I) 
No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

min.  peak  in  diff.  four,  map  (e  A'^) 

max.  peak  in  diff.  four,  map  (e  A"^) 


Mo-Ka,  0.71073 

CD- scan 
Symmetrically  over  1.2°  about  Kai,2  maximum 
offset  1.0  and  -1.0  in  co  from  Km^  maximum 

4-8 

3-55 
0       <       /i       <      13 

-16       <       k       <      16 

-19       <        /       <      19 

9103 
8619 
2.97 


0.4068 


0.8473 


1.7646 

6236 

552 

5.53,     6.33 

0.000 

0.0134 

-1.9 

1.1 
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Table  A-7:  Fractional  ccxjrdinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for  the 

non-H  atoms  of  complex  3-10. 


Atom 


U 


Pt 

0.96573(4) 

0.15781(3) 

0.77441(3) 

0.0351(2) 

PI 

1.1114(2) 

0.0522(2) 

0.7020(2) 

0.0368(10) 

P2 

0.7915(2) 

0.1002(2) 

0.7891(2) 

0.0370(10) 

0 

0.9706(10) 

0.5474(7) 

0.8224(8) 

0.114(6) 

CI 

1.2668(10) 

0.2718(9) 

0.7399(8) 

0.058(5) 

C2 

1.3570(12) 

0.3258(10) 

0.7193(9) 

0.073(7) 

C3 

1.3288(14) 

0.4171(11) 

0.7382(10) 

0.093(8) 

C4 

1.2105(13) 

0.4581(9) 

0.7767(9) 

0.076(7) 

C5 

0.9981(14) 

0.4538(9) 

0.8411(9) 

0.073(7) 

C6 

0.8548(15) 

0.4517(11) 

0.9739(11) 

0.093(9) 

C7 

0.774(2) 

0.410(2) 

1.0379(11) 

0.109(11) 

C8 

0.747(2) 

0.3252(14) 

1.0355(10) 

0.096(9) 

C9 

0.7986(11) 

0.2806(10) 

0.9707(8) 

0.062(6) 

CIO 

0.9406(10) 

0.2662(7) 

0.8397(6) 

0.044(4) 

Cll 

1.0466(10) 

0.2585(7) 

0.7929(6) 

0.039(4) 

C12 

1.1443(11) 

0.3110(8) 

0.7779(7) 

0.052(5) 

C13 

1.1179(12) 

0.4049(8) 

0.7986(8) 

0.061(6) 

C14 

0.8792(10) 

0.3162(8) 

0.9057(7) 

0.047(5) 

C15 

0.9109(12) 

0.4069(10) 

0.9052(9) 

0.067(6) 

C21 

0.8103(9) 

-0.0327(8) 

0.8430(7) 

0.045(4) 

C22 

0.7835(10) 

-0.1028(8) 

0.8110(8) 

0.056(5) 

C23 

0.8100(11) 

-0.2030(9) 

0.8591(10) 

0.064(6) 

C24 

0.8531(14) 

-0.2294(11) 

0.9291(11) 

0.084(8) 

C25 

0.8792(12) 

-0.1606(12) 

0.9630(9) 

0.082(7) 

C26 

0.8607(11) 

-0.0593(9) 

0.9184(7) 

0.058(5) 

C31 

0.7228(9) 

0.1204(7) 

0.6919(6) 

0.042(4) 

C32 

0.6093(10) 

0.1015(8) 

0.6931(7) 

0.051(5) 

C33 

0.5552(11) 

0.1232(9) 

0.6188(7) 

0.059(6) 

C34 

0.6139(12) 

0.1666(10) 

0.5451(8) 

0.065(6) 

C35 

0.7294(13) 

0.1884(10) 

0.5410(7) 

0.071(6) 

C36 

0.7828(11) 

0.1639(9) 

0.6148(7) 

0.056(5) 

C41 

0.6508(10) 

0.1623(8) 

0.8491(6) 

0.045(4) 

C42 

0.5617(10) 

0.1132(10) 

0.8986(6) 

0.055(5) 

C43 

0.4551(11) 

0.1671(10) 

0.9379(7) 

0.061(6) 

C44 

0.4346(11) 

0.2660(11) 

0.9324(8) 

0.072(6) 

C45 

0.5200(12) 

0.3177(10) 

0.8823(8) 

0.069(6) 

C46 

0.6292(11) 

0.2643(9) 

0.8411(7) 

0.061(6) 

C51 

1.2476(9) 

-0.0057(7) 

0.7603(6) 

0.040(4) 

C52 

1.2373(11) 

-0.0000(9) 

0.8430(7) 

0.056(5) 

C53 

1.3374(12) 

-0.0505(10) 

0.8900(7) 

0.063(6) 

C54 

1.4476(11) 

-0.1023(9) 

0.8540(8) 

0.059(5) 

C55 

1.4579(10) 

-0.1095(9) 

0.7717(8) 

0.059(5) 

C56 

1.3594(11) 

-0.0611(9) 

0.7253(7) 

0.059(5) 

C61 

1.1793(9) 

0.1097(8) 

0.5978(6) 

0.041(4) 

C62 

1.2555(11) 

0.0523(9) 

0.5395(7) 

0.055(5) 

C63 

1.3130(11) 

0.0997(10) 

0.4647(7) 

0.061(6) 

C64 

1.2973(12) 

0.2023(10) 

0.4459(7) 

0.063(6) 
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Table  A-7  Continued 


Atom 


U 


C65 

1.2259(12) 

0.2573(9) 

0.5001(7) 

0.064(6) 

C66 

1.1654(10) 

0.2076(9) 

0.5772(7) 

0.054(5) 

C71 

1.0781(9) 

-0.0608(7) 

0.6882(6) 

0.036(4) 

C72 

1.1039(10) 

-0.1493(8) 

0.7475(7) 

0.050(5) 

C73 

1.0744(11) 

-0.2340(9) 

0.7382(8) 

0.060(6) 

C74 

1.0176(12) 

-0.2285(10) 

0.6718(9) 

0.069(7) 

C75 

0.9880(12) 

-0.1404(10) 

0.6115(8) 

0.068(6) 

C76 

1.0215(12) 

-0.0567(9) 

0.6192(7) 

0.059(6) 

C81 

0.435(2) 

0.395(2) 

0.221(2) 

0.154(8) 

C82 

0.345(3) 

0.455(2) 

0.268(2) 

0.188(11) 

C83 

0.370(2) 

0.459(2) 

0.338(2) 

0.144(8) 

C84 

0.473(2) 

0.414(2) 

0.381(2) 

0.144(8) 

C85 

0.574(2) 

0.3517(14) 

0.3347(12) 

0.113(6) 

C86 

0.550(2) 

0.3427(12) 

0.2592(11) 

0.098(5) 

C87 

0.408(4) 

0.400(3) 

0.151(3) 

0.121(12) 

C87a 

0.486(5) 

0.439(4) 

0.451(3) 

0.18(2) 

C91 

1.119(2) 

0.586(2) 

0.511(2) 

0.159(8) 

C92 

1.068(3) 

0.580(3) 

0.432(2) 

0.100(11) 

C93 

0.989(4) 

0.521(3) 

0.421(2) 

0.085(11) 

C94 

0.965(3) 

0.470(3) 

0.491(3) 

0.108(11) 

C95 

0.976(3) 

0.459(2) 

0.573(2) 

0.049(7) 

C96 

1.071(3) 

0.526(3) 

0.577(2) 

0.094(10) 

Table  A-8:  Bond  Lengths  (A)  and  Angles  (O)  for  the  non-H  atoms  of  complex  3-10. 


1-2 


1-2-3 


PI 

Pt 

P2 

2.289(3) 

102.01(11) 

PI 

Pt 

CIO 

144.4(3) 

P2 

Pt 

CIO 

2.277(3) 

112.9(3) 

P2 

Pt 

Cll 

149.0(3) 

CIO 

Pt 

Cll 

2.053(12) 

36.7(4) 

Cll 

Pt 

PI 

2.021(13) 

108.9(3) 

C51 

PI 

C61 

1.839(11) 

103.4(4) 

C51 

PI 

C71 

99.9(5) 

C51 

PI 

Pt 

109.0(4) 

C61 

PI 

C71 

1.824(9) 

104.7(5) 

C61 

PI 

Pt 

116.4(3) 

C71 

PI 

Pt 

1.840(12) 

120.9(3) 

C21 

P2 

C31 

1.841(11) 

107.6(5) 

C21 

P2 

C41 

103.0(4) 

C21 

P2 

Pt 

114.3(4) 

C31 

P2 

C41 

1.839(12) 

97.3(5) 

C31 

P2 

Pt 

116.2(3) 
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Table  A- 8  Continued 


1-2 


1-2-3 


C41 

P2 

Pt 

1.833(10) 

116.4(4) 

C5 

0 

1.25(2) 

C2 

CI 

C12 

1.38(2) 

121.2(12) 

C12 

CI 

1.423(15) 

C3 

C2 

CI 

1.36(2) 

119.1(12) 

C4 

C3 

C2 

1.40(2) 

122.(2) 

C13 

C4 

C3 

1.39(2) 

120.3(14) 

C13 

C5 

C15 

1.47(2) 

128.1(11) 

C13 

C5 

0 

115.7(12) 

C15 

C5 

0 

1.46(2) 

116.1(12) 

C7 

C6 

C15 

1.38(2) 

121.(2) 

C15 

C6 

1.41(2) 

C8 

C/ 

C6 

1.34(3) 

120.(2) 

C9 

C8 

C/ 

1.35(2) 

120.3(15) 

C14 

C9 

C8 

1.35(2) 

124.(2) 

Cll 

CIO 

C14 

1.284(14) 

135.9(13) 

Cll 

CIO 

Pt 

70.3(7) 

C14 

CIO 

Pt 

1.43(2) 

152.5(9) 

C12 

Cll 

Pt 

1.44(2) 

154.2(8) 

C12 

Cll 

CIO 

132.8(11) 

Pt 

Cll 

CIO 

73.0(8) 

C13 

C12 

CI 

,       1.41(2) 

118.7(12) 

C13 

C12 

Cll 

120.0(10) 

CI 

C12 

Cll 

.  > 

121.3(11) 

C4 

C13 

C5 

115.7(12) 

C4 

C13 

C12 

118.8(11) 

05 

C13 

C12 

125.4(13) 

C15 

C14 

C9 

1.44(2) 

118.2(12) 

C15 

C14 

CIO 

117.7(10) 

C9 

C14 

CIO 

124.0(12) 

C?> 

C15 

C6 

118.2(15) 

C5 

C15 

C14 

125.1(13) 

C6 

C15 

C14 

116.7(12) 

C22 

C21 

C26 

1.38(2) 

121.5(10) 

C22 

C21 

P2 

124.2(8) 

C26 

C21 

P2 

1.39(2) 

114.2(10) 

C23 

C22 

C21 

1.42(2) 

116.5(12) 

C24 

C23 

C22 

1.27(2) 

124.(2) 

C25 

C24 

C23 

1.38(3) 

121.1(13) 

C26 

C25 

C24 

1.41(2) 

119.8(13) 

C21 

C26 

C25 

117.4(13) 

C32 

C31 

C36 

1.37(2) 

118.3(11) 

C32 

C31 

P2 

122.2(8) 

C36 

C31 

P2 

1.397(14) 

119.3(9) 

C33 

C32 

C31 

1.40(2) 

121.2(10) 

C34 

C33 

C32 

1.35(2) 

119.4(13) 

C35 

C34 

C33 

1.40(2) 

121.4(13) 

C36 

C35 

C34 

1.38(2) 

118.2(11) 

C31 

C36 

C35 

121.4(12) 
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Table  A-8  Continued 


1-2 


1-2-3 


C42 

C41 

C46 

1.39(2) 

118.6(10) 

C42 

C41 

P2 

123.3(9) 

C46 

C41 

P2 

1.38(2) 

118.0(8) 

C43 

C42 

C41 

1.38(2) 

119.3(12) 

C44 

C43 

C42 

1.35(2) 

122.6(12) 

C45 

C44 

C43 

1.38(2) 

119.5(11) 

C46 

C45 

C44 

1.41(2) 

118.8(13) 

C41 

C46 

C45 

121.0(11) 

C52 

C51 

C56 

1.38(2) 

118.5(10) 

C52 

C51 

PI 

119.4(7) 

C56 

C51 

PI 

1.395(14) 

122.0(9) 

C53 

C52 

C51 

1.40(2) 

119.8(10) 

C54 

C53 

C52 

1.37(2) 

120.9(12) 

C55 

C54 

C53 

1.38(2) 

119.5(11) 

C56 

C55 

C54 

1.38(2) 

119.9(10) 

C51 

C56 

C55 

121.3(11) 

C62 

C61 

C66 

1.44(2) 

.   118.4(9) 

C62 

C61 

PI 

122.8(8) 

C66 

C61 

PI 

1.32(2) 

118.7(8) 

C63 

C62 

C61 

1.379(15) 

119.8(11) 

C64 

C63 

C62 

1.38(2) 

120.1(11) 

C65 

C64 

C63 

1.35(2) 

-■     120.7(11) 

C66 

C65 

C64 

1.43(2) 

118.9(12) 

C61 

C66 

C65 

122.1(11) 

C72 

C71 

C76 

1.373(13) 

119.1(11) 

C72 

C71 

PI 

120.4(9) 

C76 

C71 

PI 

1.39(2) 

120.5(7) 

C73 

C72 

C71 

1.40(2) 

120.2(12) 

C74 

C73 

C72 

1.35(2) 

120.1(11) 

C75 

C74 

C73 

1.38(2) 

121.5(15) 

C76 

C75 

C74 

1.40(2) 

118.4(14) 

C71 

C76 

CVS 

120.7(10) 

C82 

C81 

C86 

1.40(4) 

114.(3) 

C86 

C81 

C87 

1.47(3) 

131.(3) 

C87 

C81 

C82 

1.23(5) 

115.(3) 

C83 

C82 

C81 

1.27(5) 

118.(3) 

C84 

C83 

C82 

1.38(3) 

133.(2) 

C85 

C84 

C87a 

1.47(3) 

124.(3) 

C85 

C84 

C83 

113.(2) 

C87a 

C84 

C83 

1.34(7) 

123.(3) 

C86 

C85 

C84 

1.38(3) 

116.(2) 

C81 

C86 

C85 

125.(2) 

C92 

C91 

C96 

1.56(5) 

107.(3) 

C96 

C91 

1.33(4) 

C93 

C92 

C91 

1.46(7) 

133.(3) 

C94 

C93 

C92 

1.23(5) 

104.(4) 

C95 

C94 

C93 

1.35(5) 

142.(5) 

C96 

C95 

C94 

1.65(6) 

108.(3) 

C91 

C96 

C95 

125.(3) 

'.-* 


h 


Atom 
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Table  A-9: 


Anisotropic  thermal  parameters*'  for  the  non-H  atoms  of  complex  3-10. 


Ull 


U22 


U33 


U12 


U13 


U23 


Pt 

PI 

P2 

O 

CI 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

Cll 

C12 

C13 

C14 

C15 

C21 

C22 

C23 

C24 

C25 

C26 

C31 

C32 

C33 

C34 

C35 

C36 

C41 

C42 

C43 

C44 

C45 

C46 

C51 

C52 

C53 

C54 

C55 

C56 

C61 

C62 

C63 

C64 

C65 


0.0369(2) 

0.041(2) 

0.0362(15) 

0.105(8) 

0.039(7) 

0.054(8) 

0.075(11) 

0.078(10) 

0.086(11) 

0.094(12) 

0.101(14) 

0.094(12) 

0.049(7) 

0.059(7) 

0.045(6) 

0.061(8) 

0.077(9) 

0.050(7) 

0.057(8) 

0.036(6) 

0.046(7) 

0.051(8) 

0.073(10) 

0.062(9) 

0.054(7) 

0.042(6) 

0.040(6) 

0.050(7) 

0.069(9) 

0.090(10) 

0.048(7) 

0.052(7) 

0.047(7) 

0.054(8) 

0.042(7) 

0.062(9) 

0.059(8) 

0.046(6) 

0.058(8) 

0.067(9) 

0.048(7) 

0.036(6) 

0.064(8) 

0.042(6) 

0.065(8) 

0.067(8) 

0.068(9) 

0.084(9) 


0.0328(2) 

0.034(2) 

0.037(2) 

0.036(6) 

0.057(8) 

0.057(9) 

0.068(10) 

0.039(7) 

0.038(8) 

0.069(10) 

0.15(2) 

0.119(15) 

0.077(9 

0.032(6 

0.039(6 

0.047(7 

0.029(6 

0.037(6 

0.076(10) 

0.046(7 

0.042(7 

0.033(7 

0.049(9 

0.083(1 

0.054(8 

0.038(6 

0.059(8 

0.077(9 

0.076(9 

0.080(10) 

0.072(8 

0.036(6 

0.072(9 

0.065(9 

0.085(1 

0.060(9 

0.059(8 

0.035(6 

0.063(8 

0.078(9 

0.056(8 

0.069(9 

0.068(8 

0.040(6 

0.050(7 

0.070(9 

0.073(9 

0.043(7 


) 


) 


) 


0.0382(2) 

0.0384(14) 

0.0396(15) 

0.189(12) 

0.083(9) 

0.109(11) 

0.140(14) 

0.124(12) 

0.099(11) 

0.136(15) 

0.080(12) 

0.069(10) 

0.060(8) 

0.045(6) 

0.038(6) 

0.056(7) 

0.084(9) 

0.055(7) 

0.077(9) 

0.049(7) 

0.079(8) 

0.101(1] 

0.106(13) 

0.063(9) 

0.054(7) 

0.044(6) 

0.061(7) 

0.055(8) 

0.060(8) 

0.042(7) 

0.049(7) 

0.046(6) 

0.039(6) 

0.053(7) 

0.072(9) 

0.081(9) 

0.067(8) 

0.047(6) 

0.048(7) 

0.045(7) 

0.066(8) 

0.064(8) 

0.046(7) 

0.048(6) 

0.055(7) 

0.047(7) 

0.043(7) 

0.052(7) 


-0.0129(2) 


) 


-0.0128( 
-0.0132( 
-0.010(6 
-0.014(6 
-0.023(7 
-0.043(9 
-0.028(7 
-0.000(7 

0.018(9 
-0.015(13) 
-0.021(1 
-0.003(7 
-0.008(5 
-0.019(5 
-0.021(6 
-0.013(6 
-0.000(5 
-0.007(7 
-0.013(5 
-0.018(6 
-0.022(6 
-0.014(8 

0.001(8 
-0.013(6 
-0.006(5 
-0.018(6 
-0.014(7 
-0.008(7 
-0.019(8 
-0.021(6 
-0.003(5 
-0.015(6 
-0.006(7 

0.014(7 

0.004(7 
-0.022(7 
-0.017(5 
-0.006(6 
-0.008(7 
-0.007(6 
-0.002(6 
-0.013(7 
-0.019(5 
-0.021(6 
-0.024(7 
-0.027(7 
-0.021(7 


3) 
3) 


-0.0021(2) 

-0.0048(12) 

-0.0045(12) 

-0.019(8) 

-0.010(6) 

-0.008(7) 

-0.022(10) 

-0.043(9) 

-0.022(9) 

-0.052(11) 

0.015(10) 

-0.005(9) 

-0.002(6) 

-0.013(5) 

-0.004(5) 

-0.019(6) 

-0.036(7) 

-0.016(6) 

-0.015(7) 

0.003(5) 

0.004(6) 

0.023(7) 

0.015(9) 

-0.001(7) 

-0.002(6) 

-0.007(5) 

-0.006(5) 

-0.010(6) 

-0.031(7) 

-0.022(7) 

-0.003(5) 

-0.015(5) 

0.001(5) 

0.004(6) 

0.008(6) 

-0.016(7) 

0.000(6) 

-0.011(5) 

-0.011(6) 

-0.020(6) 

-0.016(6) 

-0.004(6) 

-0.005(6) 

-0.009(5) 

0.007(6) 

0.014(6) 

0.004(6) 

0.006(7) 


-0.0098(2) 
-0.0097(12) 
-0.0073(12) 
-0.014(6) 
-0.020(7) 
-0.012(8) 
0.001(10) 
-0.003(7) 
-0.031(7) 
-0.068(11) 
-0.064(13) 
-0.020(10) 
-0.034(7) 
-0.013(5) 
-0.010(5) 
-0.009(6) 
-0.006(6) 
-0.014(5) 
-0.041(8) 
-0.004(5) 
-0.015(6) 
-0.015(7) 
0.004(9) 
0.019(8) 
0.003(6) 
-0.008(5) 
-0.022(6) 
-0.023(7) 
-0.027(7) 
-0.006(6) 
-0.011(6) 
-0.011(5) 
-0.009(6) 
-0.011(6) 
-0.031(8) 
-0.022(7) 
-0.017(6) 
-0.011(5) 
-0.018(6) 
-0.016(6) 
-0.001(6) 
-0.016(7) 
-0.019(6) 
-0.010(5) 
-0.020(6) 
-0.025(6) 
-0.000(6) 
0.006(6) 
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Table  A-9  Continued 


Atom 

C66 

C71 
C72 
C73 
C74 
C75 
C76 


JLJiL 


0.053(7) 

0.039(6) 

0.043(7) 

0.063(8) 

0.080(9) 

0.090(10) 

0.086(9) 


U22 


U33 


0.057(8) 

0.025(5) 

0.057(8) 

0.040(7) 

0.067(9) 

0.078(10) 

0.064(8) 


0.054(7) 

0.045(6) 

0.052(7) 

0.079(9) 

0.085(10) 

0.055(8) 

0.039(6) 


U12 


U13 


-0.021(6) 
-0.014(5) 
-0.012(6) 
-0.026(6) 
-0.046(8) 
-0.044(8) 
-0.047(7) 


-0.015(6) 
-0.001(5) 
-0.006(5) 
0.007(7) 
0.014(8) 
-0.009(7) 
-0.004(6) 


U23 


-0.004(6) 
-0.005(5) 
-0.015(6) 
-0.014(6) 
-0.044(8) 
-0.026(7) 
-0.006(6) 


Table  A- 10:  Fractional  coordinates  and  isotropic  tiiermal  parameters  (A^)  for  the  H  atoms 

of  complex  3-10. 


Atom 


U 


HI 

1.28693 

0.20652 

0.72838 

0.08    .  -r 

H2 

1.43873 

0.29899 

0.69258 

0.08    ■ 

H3 

1.39213 

0.45406 

0.72468 

0.08    ;  ■ 

H4 

1.19324 

0.523240 

0.788 

0.08 

H6 

0.87323 

0.51243 

0.97595 

0.08     , 

H7 

0.7358 

0.442 

1.08341 

0.08  /; 

H8 

0.69135 

0.2958 

1.08044 

0.08    *     ■ 

H9 

0.7774 

0.22012 

0.97083 

0.08 

H22 

0.74853 

-0.08414 

0.75888 

0.08 

H23 

0.79422 

-0.25292 

0.83678 

0.08 

H24 

0.86719 

-0.29849 

0.95847 

0.08 

H25 

0.91052 

-0.18234 

1.01662 

0.08 

H26 

0.88185 

-0.011 

0.93985 

0.08 

H32 

0.56635 

0.0726 

0.74566 

0.08 

H33 

0.47711 

0.10728 

0.62033 

0.08 

H34 

0.57546 

0.18349 

0.49455 

0.08 

H35 

0.77091 

0.21949 

0.48868 

0.08 

H36 

0.86264 

0.17683 

0.6133 

0.08 

H42 

0.57457 

0.04234 

0.90575 

0.08 

H43 

0.39268 

0.13319 

0.97034 

0.08 

H44 

0.36137 

0.30052 

0.96285 

0.08 

H45 

0.50532 

0.38857 

0.87581 

0.08 

H46 

0.68918 

0.29932 

0.80631 

0.08 

H52 

1.16199 

0.03843 

0.86853 

0.08 

H53 

1.32863 

-0.04915 

0.94827 

0.08 

H54 

1.51731 

-0.13311 

0.88565 

0.08 

H55 

1.53365 

-0.14817 

0.74689 

0.08 

H56 

1.36828 

-0.0663 

0.66798 

0.08 

H62 

1.26577 

-0.01888 

0.55201 

0.08 

H63 

1.3636 

0.0613 

0.42565 

0.08 

'  J 


4 
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Table  A- 10  Continued 


Atom 


U 


H64 

1.33849 

0.23444 

0.39387 

0.08 

H65 

1.21558 

0.32844 

0.48691 

0.08 

H66 

1.1135 

0.24673 

0.61544 

0.08 

H72 

1.14265 

-0.15334 

0.79537 

0.08 

H73 

1.09405 

-0.29624 

0.77909 

0.08 

H74 

0.99773 

-0.28715 

0.66597 

0.08 

H75 

0.945 

-0.13636 

0.56557 

0.08 

H76 

1.00561 

0.0044 

0.57667 

0.08 

:  ,-.:    I 


. ,.;  ..is*' 


r1 


i<m 


m 
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Crystal  Structure  Data  for  Compound  3-14. 


Crystal  data 

a,  A 

b,  A 

c,  A 

oc,  deg. 
P,  deg. 
Y.  deg. 

V,A3 

rfcalc,gcni-3(298K) 
Empirical  formula 
Formula  wt,  g 
Crystal  system 

Space  group 

Z 

F(OOO),  electrons 

Crystal  size  (mm^) 

Data  collection  (298  K) 

Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min."^ 

29  range,  deg. 

Range  oihkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  |j,  (Mo-Ko),  mm"^ 

Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  2a(I) 
No.  of  variable 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

min.  peak  in  diff.  four,  map  (e  A'^) 

max.  peak  in  diff.  four,  map  (e  A'^) 


Table  A-1 1:  Crystallographic  data. 

3-14 

11.274(2) 
11.826(1) 
13.474(2) 

111.79(1) 

106.34(1) 

98.54(1) 

1534.9(4) 

1.326 
C45H24O3 
612.64 
Triclinic 


PI 

2 
636 

0.42  X  0.38  X  0.34 


Mo-Ka,  0.71073 

co-scan 
Symmetrically  over  1.2°  about  Km  2  maximum 
offset  1.0  and  -1.0  in  co  from  K(xi^2  maximum 

3-6 

3-50 
0    <     /i       <      14 

-15    <    ;t       <      15 

-17    <     /       <      17 

5695 
5394 
0.08 


1.6522 

3722 

529 

6.17,    6.13 

0.0352 

0.001 

-0.2 
0.3 
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Table  A- 12:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A-)  for 

the  non-H  atoms  of  compound  3-14. 


Atom 


R. 


01 

0.2157(3] 

1.0224(2] 

I      0.9121(3] 

1      0.081(2) 

02 

0.4222(2: 

0.4639(2] 

I      0.3601(2] 

1      0.0566(13) 

03 

0.0782(2] 

0.1800(2] 

I      0.7596(2] 

)      0.0608(13) 

CI 

0.0944(3: 

0.6117(4] 

1      0.8857(3] 

0.049(2) 

C2 

0.0243(4] 

0.6545(4] 

I      0.9527(4] 

)      0.062(2) 

C3 

0.0350(4] 

0.7828(4] 

1      1.0024(4] 

1      0.069(2) 

C4 

0.1080(4] 

0.8625(4] 

1      0.9770(3] 

0.058(2) 

C5 

0.2442(3) 

0.9222(3] 

0.8849(3] 

0.047(2) 

C6 

0.4407(4] 

1.0271(3] 

0.8750(3] 

0.051(2) 

C7 

0.5397(4] 

1.0346(3] 

0.8370(3] 

0.056(2) 

C8 

0.5477(4] 

0.9259(3] 

0.7552(3] 

0.054(2) 

C9 

0.4565(3] 

0.8129(3] 

0.7144(3] 

0.044(2) 

CIO 

0.2733(3] 

0.6695(3] 

0.7099(3] 

0.0329(14) 

Cll 

0.2420(3] 

0.6256(3] 

0.7854(2] 

0.0324(13) 

C12 

0.3528(3] 

0.8019(3] 

0.7520(3] 

0.0355(14) 

C13 

0.3466(3] 

0.9131(3] 

0.8357(3] 

0.039(2) 

C14 

0.1790(3] 

0.6916(3] 

0.8644(2] 

0.0356(14) 

C15 

0.1782(3] 

0.8205(3] 

0.9063(3] 

0.042(2) 

C16 

0.1636(3] 

0.7111(3] 

0.5071(3] 

0.043(2) 

C17 

0.1440(4] 

0.7583(3] 

0.4266(3] 

0.053(2) 

C18 

0.1919(4) 

0.7172(3] 

0.3400(3) 

0.057(2) 

C19 

0.2574(4) 

0.6271(3] 

0.3341(3] 

0.051(2) 

C20 

0.3287(3) 

0.4647(3] 

0.3874(3) 

0.039(2) 

C21 

0.2094(4) 

0.2387(3) 

'  0.2727(3) 

0.052(2) 

C22 

0.1237(4) 

0.1294(4] 

0.2518(3) 

0.067(2)  '  ' 

C23 

0.0729(4) 

0.1258(3] 

0.3317(3) 

0.054(2) 

C24 

0.1090(3) 

0.2310(3] 

-  0.4345(3) 

0.039(2) 

C25 

0.2389(3) 

0.4501(3) 

0.5768(2) 

0.0304(13) 

C26 

0.2511(3) 

0.5768(3) 

0.5967(2) 

0.0317(14) 

C27 

0.1958(3) 

0.3441(3) 

•  0.4599(2) 

0.0318(13) 

C28 

0.2445(3) 

0.3472(3) 

0.3761(3) 

0.0358(14) 

C29 

0.2297(3) 

0.6197(3) 

0.5039(3) 

0.0343(14) 

C30 

0.2747(3) 

0.5754(3) 

0.4133(3) 

0.0382(15) 

C31 

0.3857(3) 

0.2678(3) 

0.6002(3) 

0.039(2) 

C32 

0.4104(4) 

0.1505(3) 

0.5729(3) 

0.053(2)  • 

C33 

0.3494(4) 

0.0635(3) 

0.6005(3) 

0.060(2) 

C34 

0.2689(4) 

0.0951(3) 

0.6599(3) 

0.053(2) 

C35 

0.1780(3) 

0.2493(3) 

0.7729(3) 

0.040(2) 

C36 

0.2834(3) 

0.3550(4) 

0.9834(3) 

0.047(2) 

C37 

0.3600(4) 

0.4564(4) 

1.0860(3) 

0.052(2) 

C38 

0.4052(3) 

0.5728(4) 

1.0873(3) 

0.048(2) 

C39 

0.3733(3) 

0.5861(3) 

0.9865(3) 

0.040(2) 

C40 

0.2619(3) 

0.5058(3) 

0.7752(2) 

0.0321(14) 

C41 

0.2673(3) 

0.4212(3) 

0.6730(2) 

0.0296(13) 

C42 

0.2960(3) 

0.4840(3) 

0.8804(2) 

0.0334(14) 

C43 

0.2516(3) 

0.3670(3) 

0.8807(3) 

0.0366(15) 

C44 

0.3031(3) 

0.3010(3) 

0.6589(2) 

0.0328(13) 

C45 

0.2480(3) 

0.2142(3) 

0.6928(3) 

0.0376(14) 
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Table  A-13:  Bond  Lengths  (A)  and  Angles  {^)  for  the  non-H  atoms  of  compound  3-14. 


1-2 


1-2-3 


C5 

01 

1.224(5) 

C20 

02 

1.210(5) 

C35 

03 

1.214(4) 

C2 

CI 

C14 

1.370(7) 

123.6(4) 

C14 

CI 

1.405(6) 

C3 

C2 

CI 

1.382(6) 

119.4(5) 

C4 

C3 

C2 

1.361(7) 

119.0(5) 

C15 

C4 

C3 

1.403(6) 

122.6(4) 

C13 

C5 

C15 

1.482(6) 

124.5(3) 

C13 

C5 

01 

116.9(4) 

C15 

C5 

01 

1.482(6) 

118.6(4) 

C7 

C6 

C13 

1.357(7) 

122.5(3) 

C13 

C6 

1.397(5) 

C8 

C7 

C6 

1.383(5) 

119.1(3) 

C9 

C8 

C7 

1.370(5) 

119.7(4) 

C12 

C9 

C8 

1.406(6) 

122.5(3) 

Cll 

CIO 

C12 

1.404(5) 

121.2(2) 

C12 

CIO 

C26 

1.488(4) 

119.9(3) 

C26 

CIO 

Cll 

1.433(4) 

117.6(3) 

C14 

Cll 

C40 

1.490(5) 

120.6(3) 

C14 

Cll 

CIO 

122.8(3) 

C40 

Cll 

CIO 

1.430(5) 

116.3(3) 

C13 

C12 

C9 

1.405(4) 

117.0(3) 

C13 

C12 

CIO 

127.5(3) 

C9 

C12 

CIO 

114.9(3)        •; 

C5 

C13 

C6 

•    115.5(3)        ,\ 

C5 

C13 

C12 

125.4(3)       •" 

f  '* 

C6 

C13 

C12 

119.1(4) 

C15 

C14 

CI 

1.418(5) 

•     115.8(3)        ^ 

^i. 

C15 

C14 

Cll 

128.3(3) 

V'V  . 

CI 

C14 

Cll 

115.2(3) 

C4 

C15 

C5 

113.1(3) 

C4 

C15 

C14 

119.1(4) 

C5 

C15 

C14 

127.8(3) 

C17 

C16 

C29 

1.374(7) 

122.1(4) 

C29 

C16 

1.396(5) 

C18 

C17 

C16 

1.380(7) 

120.2(4) 

C19 

C18 

C17 

1.374(6) 

119.3(4) 

C30 

C19 

C18 

1.399(6) 

121.2(4) 

C28 

C20 

C30 

1.492(5) 

114.3(3) 

C28 

C20 

02 

122.1(3) 

C30 

C20 

02 

1.491(5) 

122.7(3) 

C22 

C21 

C28 

1.374(6) 

120.0(4) 

C28 

C21 

1.398(4) 

C23 

C22 

C21 

1.366(7) 

120.4(3) 

C24 

C23 

C22 

1.372(4) 

120.0(4) 

C27 

C24 

C23 

1.396(4) 

121.8(4) 

C26 

C25 

C27 

1.398(4) 

123.1(3) 

.V' 
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Table  A-13  Continued 


1-2 


1-2-3 


C27 

C25 

C41 

1.487(3) 

118.5(3) 

C41 

C25 

C26 

1.424(5) 

118.4(2) 

C29 

C26 

CIO 

1.489(5) 

117.2(3) 

C29 

C26 

C25 

123.4(2) 

CIO 

C26 

C25 

119.1(3) 

C28 

C27 

C24 

1.397(5) 

117.4(2) 

C28 

C27 

C25 

123.8(3) 

C24 

C27 

C25 

118.5(3) 

C20 

C28 

C21 

116.4(3) 

C20 

C28 

C27 

123.2(2) 

C21 

C28 

C27 

120.3(3) 

C30 

C29 

C16 

1.404(5) 

117.3(4) 

C30 

C29 

C26 

123.8(3) 

C16 

C29 

C26 

118.9(3) 

C19 

C30 

C20 

116.0(3) 

C19 

C30 

C29 

119.8(3) 

C20 

C30 

C29 

123.8(3) 

C32 

C31 

C44 

1.389(6) 

121.2(4) 

C44 

C31 

1.392(5) 

C33 

C32 

C31 

1.374(7) 

119.8(4) 

C34 

C33 

C32 

1.375(7) 

119.9(4) 

C45 

C34 

C33 

1.389(5) 

121.0(4) 

C43 

C35 

C45 

1.488(3) 

113.8(3) 

C43 

C35 

03 

122.3(3) 

C45 

C35 

03 

1.484(5) 

123.2(3) 

C37 

C36 

C43 

1.373(4) 

121.0(4) 

:^MrM 

C43 

C36 

1.394(6) 

* 

C38 

C37 

C36 

1.387(7) 

119.3(4) 

•    ,  ,;-  i 

C39 

C38 

C37 

1.378(6) 

120.1(3) 

C42 

C39 

C38 

1.402(3)     . 

121.8(4)        > 

.» 

C41 

C40 

C42 

1.394(4) 

121.7(3) 

«■  »  -- 

C41 

C40 

Cll 

119.5(3) 

C42 

C40 

Cll 

1.490(5) 

118.1(3)        ^ 

C44 

C41 

C25 

1.494(5)      ^ 

■    117.6(3) 

C44 

C41 

C40 

123.4(3) 

C25 

C41 

C40 

119.0(3) 

C43 

C42 

C39 

1.402(5) 

117.2(3) 

C43 

C42 

C40 

123.7(2) 

C39 

C42 

C40 

119.1(3) 

C35 

C43 

C36 

117.1(3) 

C35 

C43 

C42 

122.3(3) 

C36 

C43 

C42 

120.5(2) 

C45 

C44 

C31 

1.403(5) 

118.2(3) 

C45 

C44 

C41 

122.8(3) 

C31 

C44 

C41 

118.7(3) 

C34 

C45 

C35 

118.0(4) 

C34 

C45 

C44 

119.7(4) 

C35 

C45 

C44 

122.1(3) 
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Table  A- 14:    Anisotropic  thermal  parameters"  for  the  non-H  atoms  of  compound  3-14. 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


01 

0.113(2) 

0.042(2) 

0.112(2) 

0.042(2) 

0.071(2) 

0.031(2) 

02 

0.059(2) 

0.062(2) 

0.070(2) 

0.0258(13) 

0.0429(14) 

0.0330(14) 

03 

0.055(2) 

0.056(2) 

0.070(2) 

-0.0017(13) 

0.0234(14) 

0.0318(14) 

CI 

0.051(2) 

0.044(2) 

0.056(2) 

0.017(2) 

0.027(2) 

0.020(2) 

C2 

0.061(3) 

0.065(3) 

0.080(3) 

0.023(2) 

0.047(2) 

0.033(2) 

C3 

0.074(3) 

0.070(3) 

0.070(3) 

0.026(2) 

0.049(3) 

0.019(2) 

C4 

0.067(3) 

0.049(2) 

0.055(2) 

0.021(2) 

0.033(2) 

0.009(2) 

C5 

0.062(2) 

0.030(2) 

0.044(2) 

0.016(2) 

0.020(2) 

0.009(2) 

C6 

0.067(3) 

0.031(2) 

0.046(2) 

0.011(2) 

0.014(2) 

0.014(2) 

C7 

0.053(2) 

0.036(2) 

0.068(3) 

0.001(2) 

0.012(2) 

0.023(2) 

C8 

0.046(2) 

0.047(2) 

0.073(3) 

0.010(2) 

0.023(2) 

0.029(2) 

C9 

0.047(2) 

0.039(2) 

0.049(2) 

0.016(2) 

0.020(2) 

0.019(2) 

CIO 

0.037(2) 

0.028(2) 

0.035(2) 

0.0124(14) 

0.0141(14) 

0.0124(14) 

Cll 

0.036(2) 

0.030(2) 

0.031(2) 

0.0099(14) 

0.0136(14) 

0.0114(14) 

C12 

0.043(2) 

0.031(2) 

0.035(2) 

0.0116(14) 

0.0114(15) 

0.0181(14) 

C13 

0.050(2) 

0.030(2) 

0.037(2) 

0.014(2) 

0.013(2) 

0.016(2) 

C14 

0.042(2) 

0.036(2) 

0.031(2) 

0.0140(15) 

0.0161(15) 

0.0135(14) 

C15 

0.048(2) 

0.039(2) 

0.037(2) 

0.019(2) 

0.016(2) 

0.012(2) 

C16 

0.052(2) 

0.043(2) 

0.042(2) 

0.023(2) 

0.020(2) 

0.022(2) 

C17 

0.067(3) 

0.053(2) 

0.058(2) 

0.032(2) 

0.026(2) 

0.035(2) 

C18 

0.076(3) 

0.060(2) 

0.055(2) 

0.029(2) 

0.028(2) 

0.040(2) 

C19 

0.067(3) 

0.055(2) 

0.048(2) 

0.020(2) 

0.030(2) 

0.031(2) 

C20 

0.044(2) 

0.050(2) 

0.032(2) 

0.019(2) 

0.021(2) 

0.021(2) 

C21 

0.065(3) 

0.048(2) 

0.034(2) 

0.014(2) 

0.024(2) 

0.006(2) 

C22 

0.076(3) 

0.048(2) 

0.044(2) 

0.002(2) 

0.019(2) 

-0.005(2) 

C23 

0.053(2) 

0.041(2) 

0.045(2) 

-0.001(2) 

0.009(2) 

0.006(2) 

C24 

0.036(2) 

0.040(2) 

0.036(2) 

0.006(2) 

0.010(2) 

0.014(2) 

C25 

0.033(2) 

0.029(2) 

0.030(2) 

0.0091(13) 

0.0140(14) 

0.0124(13) 

C26 

0.035(2) 

0.031(2) 

0.034(2) 

0.0129(14) 

0.0182(14) 

0.0153(14) 

C27 

0.031(2) 

0.033(2) 

0.031(2) 

0.0119(14) 

0.0123(14) 

0.0122(14) 

C28 

0.039(2) 

0.038(2) 

0.031(2) 

0.0138(14) 

0.0140(14) 

0.0124(14) 

C29 

0.037(2) 

0.030(2) 

0.037(2) 

0.0095(14) 

0.0133(15) 

0.0166(14) 

C30 

0.044(2) 

0.039(2) 

0.034(2) 

0.012(2) 

0.018(2) 

0.016(2) 

C31 

0.043(2) 

0.034(2) 

0.036(2) 

0.012(2) 

0.012(2) 

0.013(2) 

C32 

0.060(3) 

0.050(2) 

0.050(2) 

0.028(2) 

0.022(2) 

0.017(2) 

C33 

0.082(3) 

0.039(2) 

0.064(3) 

0.031(2) 

0.029(2) 

0.022(2) 

C34 

0.073(3) 

0.036(2) 

0.052(2) 

0.013(2) 

0.021(2) 

0.025(2) 

C35 

0.046(2) 

0.036(2) 

0.045(2) 

0.013(2) 

0.015(2) 

0.026(2) 

C36 

0.055(2) 

0.057(2) 

0.048(2) 

0.021(2) 

0.029(2) 

0.034(2) 

C37 

0.064(3) 

0.073(3) 

0.036(2) 

0.032(2) 

0.026(2) 

0.030(2) 

C38 

0.052(2) 

0.058(2) 

0.029(2) 

0.020(2) 

0.014(2) 

0.012(2) 

C39 

0.048(2) 

0.040(2) 

0.036(2) 

0.015(2) 

0.021(2) 

0.014(2) 

C40 

0.036(2) 

0.030(2) 

0.033(2) 

0.0076(13) 

0.0143(14) 

0.0154(14) 

C41 

0.032(2) 

0.026(2) 

0.031(2) 

0.0075(13) 

0.0134(14) 

0.0114(13) 

C42 

0.038(2) 

0.035(2) 

0.030(2) 

0.0136(14) 

0.0176(14) 

0.0128(14) 

C43 

0.038(2) 

0.043(2) 

0.038(2) 

0.013(2) 

0.020(2) 

0.022(2) 

C44 

0.040(2) 

0.028(2) 

0.025(2) 

0.0103(14) 

0.0080(14) 

0.0080(13) 

C45 

0.045(2) 

0.028(2) 

0.033(2) 

0.0058(14) 

0.007(2) 

0.0135(14) 

'^^ 
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Table  A-15:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms  of 

compound  3-14. 


Atom 


U 


HI 

0.081(3) 

0.527(3) 

0.848(3) 

0.043(9) 

H2 

-0.034(3) 

0.595(3) 

0.961(3) 

0.064(11) 

H3 

-0.011(3) 

0.811(3) 

1.046(3) 

0.061(11) 

H4 

0.118(4) 

0.949(4) 

1.003(4) 

0.091(15) 

H6 

0.432(3) 

1.102(3) 

0.936(3) 

0.047(9) 

H7 

0.604(4) 

1.112(3) 

0.868(3) 

0.072(12) 

H8 

0.617(3) 

0.924(3) 

0.727(3) 

0.060(11) 

H9 

0.467(3) 

0.740(3) 

0.659(2) 

0.041(9) 

H16 

0.133(3) 

0.745(3) 

0.570(2) 

0.037(8) 

H17 

0.097(3) 

0.819(3) 

0.432(3) 

0.068(11) 

H18 

0.188(3) 

0.761(3) 

0.288(3) 

0.057(10) 

H19 

0.296(3) 

0.594(3) 

0.275(3) 

0.056(10) 

H21 

0.249(3) 

0.247(3) 

0.217(3) 

0.059(10) 

H22 

0.103(3) 

0.056(3) 

0.179(3) 

0.074(12) 

H23 

0.010(4) 

0.049(3) 

0.316(3) 

0.069(11) 

H24 

0.076(3) 

0.230(3) 

0.496(2) 

0.038(8) 

H31 

0.429(3) 

0.333(3) 

0.583(2) 

0.035(8) 

H32 

0.469(3) 

0.135(3) 

0.533(3) 

0.053(10) 

H33 

0.361(3) 

-0.025(3) 

0.576(3) 

0.066(11) 

H34 

0.234(3) 

0.038(3) 

0.685(2) 

0.041(9) 

H36 

0.259(3) 

0.276(3) 

0.983(3) 

0.060(11) 

H37 

0.388(3) 

0.450(3) 

1.157(3) 

0.069(11) 

H38 

0.459(3) 

0.645(3) 

1.155(3) 

0.054(10) 

H39 

0.406(3) 

0.665(3) 

0.986(2) 

0.029(8) 

il: 


,H 


i'  ^: 
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Crystal  data 

a,  A 

b,  A 

c,  A 

P,  deg. 

V,A3 

^caIc,gcm-3(298K) 

Empirical  formula 

Formula  wt,  g 

Crystal  system 

Space  group 

Z 

F(OOO),  electrons 

Crystal  size  (mm^) 

Data  collection  (298  K) 

Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min."^ 

26  range,  deg. 

Range  of  hkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  \i  (Mo-Ko),  mm'^ 
Min.  &  Max.  Transmission 

Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  2a(I) 
No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

Supplementary  Table  1  continued. 

min.  peak  in  diff.  four,  map  (e  A'-^) 
max.  peak  in  diff.  four,  map  (e  A"^) 


Crystal  Structure  Data  for  Complex  3-23 
Table  A- 16:  Crystallographic  data. 

3-23 

17.175(3) 
15.411(2) 
18.661(2) 


91.86(1) 
4915(2) 

1.52 

C57H40N4OCl2P2Pt 

1124.86 

Monoclinic 

la 

4 

2240 

0.61  X  0.19x0.11 


Mo-Ka,  0.71073 

(D-scan 

Symmetrically  over  1.2°  about  Ka^  2  rnaximi 

offset  1.0  and  -1.0  in  co  from  Koti^2  niaximui 

3-6 

3-58 

0  <  /i  <  24 

0  <  ^  <  22 

-26  <  /  <  26 

6853 

6625  '   n: 

3.07  '    'i 


0.5471 


0.7310 


1.4121 

5569 

587 

4.74,  4.76 

0.0000 

0.002 


■1.6 
1.8 
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Table  A- 17:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for 

the  non-H  atoms  of  complex  3-23. 


Atom 


U 


Pt 

0.27993 

0.01260(2) 

0.08525 

0.02981(8) 

PI 

0.2791(2) 

0.0807(2) 

-0.02475(14) 

0.0344(8) 

P2 

0.3059(2) 

0.1369(2) 

0.15691(14) 

0.0344(8) 

0 

0.2019(5) 

-0.2173(6) 

-0.0703(4) 

0.051(3) 

Nl 

0.1269(8) 

-0.2217(8) 

0.2398(6) 

0.072(5) 

N2 

0.0695(6) 

-0.0251(7) 

0.0982(6) 

0.053(3) 

N3 

0.2013(8) 

-0.0033(7) 

0.2943(6) 

0.064(4) 

N4 

0.3705(8) 

-0.1693(8) 

0.2061(7) 

0.066(5) 

CI 

0.2029(8) 

-0.3253(7) 

0.1027(7) 

0.057(5) 

C2 

0.1873(8) 

-0.4114(8) 

0.0800(9) 

0.064(5) 

C3 

0.1730(11) 

-0.4249(9) 

0.0088(10) 

0.085(7) 

C4 

0.1779(9) 

-0.3646(10) 

-0.0398(9) 

0.080(6) 

C5 

0.3249(9) 

-0.2244(8) 

-0.1288(6) 

0.059(5) 

C6 

0.4009(9) 

-0.2013(10) 

-0.1332(8) 

0.072(6) 

C7 

0.4346(8) 

-0.1485(9) 

-0.0824(8) 

0.060(5) 

C8 

0.3910(8) 

-0.1160(8) 

-0.0271(7) 

0.050(4) 

C9 

0.2669(6) 

-0.1109(6) 

0.0402(4) 

0.031(3) 

CIO 

0.2224(7) 

-0.1668(6) 

0.0742(5) 

0.036(3) 

Cll 

0.2064(7) 

-0.2580(7) 

0.0549(6) 

0.043(4) 

C12 

0.1943(7) 

-0.2802(7) 

-0.0188(6) 

0.046(4) 

C13 

0.3141(8) 

-0.1389(7) 

-0.0203(6) 

0.043(4) 

C14 

0.2818(7) 

-0.1942(7) 

-0.0731(6) 

0.047(4) 

C15 

0.1855(7) 

-0.1255(6) 

0.1400(5) 

0.039(3) 

C16 

0.2538(6) 

-0.0674(6) 

0.1765(5) 

0.034(3) 

C17 

0.1199(7) 

-0.0665(7) 

0.1154(6) 

0.039(3) 

C18 

0.1530(8) 

-0.1844(7) 

0.1963(6) 

0.047(4) 

C19 

0.2269(7) 

-0.0297(7) 

0.2434(6) 

0.045(4) 

C20 

0.3199(9) 

-0.1236(9) 

0.1938(7) 

0.052(5) 

C21 

0.2246(7) 

0.1919(6) 

0.1946(5) 

0.036(3) 

C22 

0.2319(7) 

0.2741(7) 

0.2254(6) 

0.047(4)      .; 

C23 

0.1702(9) 

0.3181(9) 

0.2540(7) 

0.067(5) 

C24 

0.0984(9) 

0.2807(9) 

0.2518(8) 

0.068(5) 

C25 

0.0866(9) 

0.2009(12) 

0.2213(9) 

0.075(7) 

C26 

0.1504(8) 

0.1548(9) 

0.1921(8) 

0.050(5) 

C31 

0.3611(6) 

0.2288(6) 

0.1228(6) 

0.037(3) 

C32 

0.3236(8) 

0.2946(7) 

0.0840(7) 

0.054(4) 

C33 

0.3652(10) 

0.3649(8) 

0.0589(7) 

0.068(6) 

C34 

0.4442(11) 

0.3708(10) 

0.0688(9) 

0.082(7) 

C35 

0.4823(8) 

0.3059(10) 

0.1084(9) 

0.070(5) 

C36 

0.4425(10) 

0.2371(10) 

0.1347(8) 

0.055(5) 

C41 

0.3669(7) 

0.0999(6) 

0.2330(5) 

0.040(3) 

C42 

0.4297(7) 

0.0458(8) 

0.2182(6) 

0.048(4) 

C43 

0.4808(10) 

0.0218(9) 

0.2731(9) 

0.071(6) 

C44 

0.4682(11) 

0.0468(12) 

0.3417(9) 

0.083(7) 

C45 

0.4066(11) 

0.0975(11) 

0.3568(7) 

0.080(6) 

C46 

0.3554(9) 

0.1243(9) 

0.3019(6) 

0.062(5) 

C51 

0.2301(7) 

0.0219(7) 

-0.0981(5) 

0.042(3) 
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Table  A- 17  Continued 


Atom 


U 


C52 

0.1498(9) 

0.0174(8) 

-0.1004(7) 

0.057(5) 

C53 

0.1103(10) 

-0.0214(9) 

-0.1579(8) 

0.067(5) 

C54 

0.1490(12) 

-0.0577(9) 

-0.2121(7) 

0.076(6) 

C55 

0.2266(11) 

-0.0563(9) 

-0.2102(7) 

0.071(6) 

C56 

0.2687(9) 

-0.0166(8) 

-0.1540(6) 

0.060(4) 

C61 

0.3718(7) 

0.1175(7) 

-0.0602(6) 

0.039(3) 

C62 

0.4371(8) 

0.1194(9) 

-0.0177(7) 

0.047(5) 

C63 

0.5062(8) 

0.1563(9) 

-0.0403(7) 

0.058(5) 

C64 

0.5083(9) 

0.1872(8) 

-0.1093(7) 

0.066(5) 

C65 

0.4438(8) 

0.1826(9) 

-0.1534(7) 

0.061(5) 

C66 

0.3757(7) 

0.1472(8) 

-0.1301(6) 

0.050(4) 

C71 

0.2178(7) 

0.1779(7) 

-0.0234(6) 

0.040(4) 

C72 

0.2318(8) 

0.2501(7) 

-0.0659(6) 

0.048(4) 

C73 

0.1791(9) 

0.3200(8) 

-0.0684(8) 

0.065(5) 

C74 

0.1141(9) 

0.3160(8) 

-0.0275(9) 

0.076(6) 

C75 

0.0994(11) 

0.2448(12) 

0.0151(9) 

0.070(6) 

C76 

0.1524(7) 

0.1764(8) 

0.0164(7) 

0.051(4) 

C80 

0.93845 

0.37657 

0.11395 

0.173(12) 

C12 

0.9072(7) 

0.3817(8) 

0.0320(6) 

0.217(4) 

CU 

0.9318(11) 

0.4363(12) 

0.1781(10) 

0.352(9) 

Table  A- 18:  Bond  Lengths  (A)  and  Angles  (O)  for  the  non-H  atoms  of  complex  3-23. 


PI 

R 

P2 

PI 

Pt 

C9 

P2 

Pt 

C9 

P2 

Pt 

C16 

C9 

Pt 

C16 

C16 

Pt 

PI 

C51 

PI 

C61 

C51 

PI 

C71 

C51 

PI 

Pt 

C61 

PI 

C71 

C61 

PI 

R 

C71 

PI 

Pt 

C21 

P2 

C31 

C21 

P2 

C41 

C21 

P2 

Pt 

C31 

P2 

C41 

C31 

P2 

Pt 

C41 

P2 

Pt 

C12 

0 

C14 

1-2 


1-2-3 


2.305(3) 

97.50(9) 

93.3(2) 

2.370(3) 

168.2(2) 

93.2(3) 

2.090(9) 

77.0(3) 

2.161(9) 

165.0(3) 

1.825(11) 

105.6(5) 

; 

.     99.5(5) 

115.6(3) 

1.833(12) 

,     105.0(5) 

118.8(4) 

1.833(11) 

110.3(4) 

1.796(11) 

100.8(5) 

106.0(5) 

117.9(3) 

1.831(11) 

102.7(5) 

121.3(4) 

1.828(11) 

106.2(3) 

1.375(14) 

108.5(9) 

'14' 
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Table  A- 18  Continued 


1-2  1-2-3 


C14 

0 

1.42(2) 

C18 

Nl 

1.10(2) 

C17 

N2 

1.11(2) 

C19 

N3 

1.14(2) 

C20 

N4 

1.14(2) 

C2 

CI 

Cll 

1.42(2) 

121.8(12) 

Cll 

CI 

1.37(2) 

C3 

C2 

CI 

1.36(2) 

117.5(13) 

C4 

C3 

C2 

1.30(2) 

123.8(14) 

C12 

C4 

C3 

1.38(2) 

119.(2) 

C6 

C5 

C14 

1.36(2) 

119.9(12) 

C14 

C5 

1.38(2) 

C7 

C6 

C5 

1.36(2) 

120.2(14) 

C8 

C7 

C6 

1.39(2) 

120.3(13) 

C13 

C8 

C7 

1.38(2) 

121.2(12) 

CIO 

C9 

C13 

1.327(14) 

121.1(9) 

CIO 

C9 

Pt 

117.0(7) 

C13 

C9 

Pt 

1.474(15) 

121.4(7) 

Cll 

CIO 

C15 

1.475(14) 

120.7(9) 

Cll 

CIO 

C9 

127.4(9) 

C15 

CIO 

C9 

1.538(14) 

111.9(8) 

C12 

Cll 

CI 

1.43(2) 

115.9(10) 

C12 

Cll 

CIO 

119.0(9) 

CI 

Cll 

CIO 

125.1(10) 

0 

C12 

C4 

119.1(11) 

0 

C12 

Cll 

119.4(9) 

C4 

C12 

Cll 

121.4(11) 

C14 

C13 

C8 

1.40(2) 

116.7(11) 

C14 

C13 

C9 

120.1(11) 

C8 

C13 

C9 

123.2(10) 

0 

C14 

C5 

119.1(10) 

0 

C14 

C13 

119.2(10) 

C5 

C14 

C13 

121.7(12) 

C16 

C15 

C17 

1.609(14) 

108.7(8) 

C16 

C15 

C18 

108.7(8) 

••   ,   /"•'  • 

C16 

C15 

CIO 

104.7(8) 

C17 

C15 

CIS 

1.51(2) 

106.6(9) 

■            J- 

C17 

C15 

CIO 

109.2(8) 

C18 

C15 

CIO 

1.51(2) 

118.6(8) 

C19 

C16 

C20 

1.465(14) 

108.2(9) 

C19 

C16 

Pt 

121.7(7) 

,-■         •     »  ";■ 

C19 

C16 

C15 

109.6(9) 

C20 

C16 

Pt 

1.46(2) 

109.5(8) 

C20 

C16 

C15 

108.4(9) 

Pt 

C16 

C15 

98.7(6) 

N2 

C17 

C15 

177.4(12) 

Nl 

C18 

C15 

174.4(13) 

N3 

C19 

C16 

175.3(13) 

N4 

C20 

C16 

178.0(14) 

C22 

C21 

C26 

1.395(15) 

117.2(11) 

?>■ 
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Table  A- 18  Continued 


1-2 


1-2-3 


C22 

C21 

P2 

122.0(9) 

C26 

C21 

P2 

1.40(2) 

120.8(8) 

C23 

C22 

C21 

1.38(2) 

123.0(12) 

C24 

C23 

C22 

1.36(2) 

119.2(13) 

C25 

C24 

C23 

1.37(2) 

121.1(14) 

C26 

C25 

C24 

1.43(2) 

120.1(14) 

C21 

C26 

C25 

119.5(13) 

C32 

C31 

C36 

1.39(2) 

117.1(11) 

C32 

C31 

P2 

120.5(9) 

C36 

C31 

P2 

1.41(2) 

122.4(9) 

C33 

C32 

C31 

1.39(2) 

120.6(13) 

C34 

C33 

C32 

1.37(3) 

121.8(13) 

C35 

C34 

C33 

1.39(2) 

118.1(14) 

C36 

C35 

C34 

1.36(2) 

121.1(14) 

C31 

C36 

C35 

121.3(13) 

C42 

C41 

C46 

1.40(2) 

119.2(11) 

C42 

C41 

P2 

117.3(8) 

C46 

C41 

P2 

1.36(2) 

123.5(9) 

C43 

C42 

C41 

1.38(2) 

119.3(12) 

C44 

C43 

C42 

1.36(2) 

120.5(15) 

C45 

C44 

C43 

1.35(3) 

121.(2) 

C46 

C45 

C44 

1.39(2) 

119.9(13) 

C41 

C46 

C45 

120.4(13) 

C52 

C51 

C56 

1.38(2) 

117.2(11) 

C52 

C51 

PI 

119.0(8) 

C56 

C51 

PI 

1.39(2) 

123.7(10) 

C53 

C52 

C51 

1.39(2) 

120.7(13) 

C54 

C53 

C52 

1.35(2) 

121.(2) 

C55 

C54 

C53 

1.33(3) 

119.4(14) 

C56 

C55 

C54 

1.40(2) 

121.3(14) 

C51 

C56 

C55 

120.2(14) 

C62 

C61 

C66 

1.35(2) 

118.7(11) 

C62 

C61 

PI 

120.5(9) 

C66 

C61 

PI 

1.39(2) 

120.7(8) 

C63 

C62 

C61 

1.39(2) 

121.9(12) 

C64 

C63 

C62 

1.37(2) 

118.3(13) 

C65 

C64 

C63 

1.36(2) 

120.2(13) 

C66 

C65 

C64 

1.37(2) 

120.9(12) 

C61 

C66 

C65 

119.7(11) 

C/2 

C71 

C76 

1.39(2) 

118.9(11) 

C72 

C71 

PI 

122.4(9) 

C76 

C71 

PI 

1.37(2) 

118.5(8) 

C73 

C72 

C71 

1.41(2) 

120.5(12) 

C74 

C73 

C72 

1.37(2) 

118.8(12) 

05 

C74 

C73 

1.38(2) 

121.4(14) 

C76 

C75 

C74 

1.39(2) 

119.(2) 

C71 

C76 

C75 

121.7(12) 

C12 

C80 

Cll 

1.606(11) 

133.6(8) 

ai 

C80 

1.52(2) 
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Table  A-19:   Anisotropic  thermal  parameters^  for  the  non-H  atoms  of  complex  3-23. 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


Pt 

PI 
P2 
O 

Nl 
N2 
N3 
N4 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 


CIO  0 

Cll  0 

C12  0. 

C13  0, 

C14  0, 

C15  0 

C16  0 

C17  0, 

C18  0 

C19  0 

C20  0 

C21  0 

C22  0 

C23  0 

C24  0. 

C25  0 

C26  0 

C31  0 

C32  0 

C33  0 

C34  0 

C35  0 

C36  0 

C41  0 

C42  0 

C43  0, 

C44  0 

C45  0 

C46  0 

C51  0 

C52  0 


0405(2) 

044(2) 

047(2) 

056(6) 

100(10) 

047(6) 

086(8) 

065(8) 

074(10) 

073(10) 

105(13) 

079(11) 

086(10) 

062(10) 

050(8) 

052(8) 

050(6) 

048(6) 

046(7) 

046(7) 

061(8) 

058(8) 

051(7) 

045(6) 

047(7) 

069(9) 

060(7) 

060(9) 

046(7) 

053(7) 

073(10) 

071(10) 

041(8) 

042(8) 

035(6) 

058(8) 

104(13) 

101(13) 

046(8) 

072(11) 

052(7) 

044(7) 

065(10) 

099(13) 

118(14) 

081(10) 

064(7) 

081(10) 


0.02540 

0.0319( 

0.0295( 

0.055(5 

0.056(7 

0.058(6 

0.060(7 

0.071(8 

0.032(6 

0.037(7 

0.033(7 

0.064(9 

0.054(7 

0.083(10) 

0.054(8 

0.049(7 

0.028(4 

0.031(5 

0.034(6 

0.038(6 

0.035(6 

0.046(6 

0.032(5 

0.032(5 

0.033(5 

0.033(6 

0.037(6 

0.052(8 

0.029(5 

0.045(6 

0.058(8 

0.068(9 

0.089(13) 

0.052(9 

0.034(5 

0.056(7 

0.041(7 

0.067(10) 

0.077(10) 

0.038(7 

0.030(5 

0.053(6 

0.064(9 

0.081(1 

0.090(1 

0.071(9 

0.033(5 

0.050(7 


14) 

3) 

3) 


0.02381(12) 

0.0274(12) 

0.0274(13) 

0.042(4) 

0.062(7) 

0.053(6) 

0.046(5) 

0.063(8) 

0.067(8) 

0.084(10) 

0.119(14) 

0.098(12) 

0.037(6) 

0.074(10) 

0.078(9) 

0.051(7) 

0.016(4) 

0.030(5) 

0.051(7) 

0.054(7) 

0.035(6) 

0.038(6) 

0.034(5) 

0.026(5) 

0.038(5) 

0.040(6) 

0.038(5) 

0.043(7) 

0.033(5) 

0.041(6) 

0.070(9) 

0.066(9) 

0.095(12) 

0.057(8) 

0.042(6) 

0.047(6) 

0.058(8) 

0.079(11) 

0.089(11) 

0.056(8) 

0.037(5) 

0.047(6) 

0.082(11) 

0.064(10) 

0.031(6) 

0.036(6) 

0.027(4) 

0.039(6) 


-0.0029(5) 

-0.0002(11) 

-0.0016(11) 

0.002(4) 

-0.004(7) 

0.003(5) 

-0.007(6) 

0.007(7) 

0.008(6) 

-0.007(6) 

-0.021(7) 

-0.035(8) 

0.003(7) 

0.002(8) 

0.001(6) 

-0.003(6) 

-0.005(4) 

-0.004(4) 

-0.008(5) 

-0.007(5) 

0.009(5) 

0.002(5) 

-0.009(5) 

-0.006(4) 

-0.019(5) 

-0.006(5) 

-0.014(5) 

-0.016(7) 

-0.005(4) 

0.007(5) 

0.019(7) 

0.012(8) 

-0.003(8) 

0.001(6) 

-0.004(4) 

-0.011(6) 

-0.015(7) 

-0.042(9) 

-0.020(7) 

-0.001(8) 

-0.009(5) 

0.012(5) 

0.017(8) 

0.020(10) 

0.015(10) 

0.011(7) 

0.002(5) 

-0.021(7) 


) 


0.00467 

0.0021( 

0.0070( 

0.002(4 

0.024(7 

0.006(5 

0.023(6 

-0.007(6 

0.021(7 

0.017(8 

0.038(1 

0.017(9 

0.000(6 

0.036(8 

0.029(7 

0.005(6 

0.007(4 

0.001(4 

0.010(6 

0.009(5 

0.012(5 

0.012(5 

0.008(5 

0.002(4 

0.004(5 

0.015(6 

0.005(5 

0.004(6 

0.003(5 

-0.002(5 

0.008(8 

0.017(7 

0.020(8 

0.011(6 

0.008(5 

0.003(6 

-0.005(8 

-0.001(10) 

0.014(7 

0.011(8 

-0.007(5 

0.001(5 

-0.020(8 

-0.040(9 

-0.022(8 

0.008(6 

-0.004(5 

-0.003(6 


10) 

2) 
2) 


-0.0009(4) 


0.0027( 
-0.0040( 
-0.015(4 

0.021(6 
-0.008(5 
-0.007(5 

0.003(6 
-0.000(5 

0.006(6 
-0.004(8 
-0.046(9 
-0.016(5 
-0.021(8 
-0.002(7 
-0.005(5 
-0.003(3 
-0.004(4 
-0.004(5 
-0.008(5 

0.007(4 
-0.008(5 

0.005(4 
-0.000(4 
-0.007(4 
-0.000(5 
-0.003(4 

0.006(5 
-0.005(4 
-0.013(5 
-0.027(7 
-0.019(7 

0.007(10) 

0.001(7 
-0.010(4 

0.001(6 

0.018(6 

0.002(8 

0.004(8 
-0.008(6 
-0.007(4 
-0.012(5 
-0.004(8 

0.001(8 
-0.000(6 
-0.005(6 

0.001(4 
-0.002(5 


0) 
0) 
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Table  A- 19  Continued 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


C53 

0.089(11) 

0.042(7) 

0.069(9) 

-0.029(7) 

-0.019(8) 

0.003(7) 

C54 

0.13(2) 

0.049(8) 

0.047(8) 

-0.018(9) 

-0.025(9) 

-0.014(6) 

C55 

0.110(14) 

0.054(8) 

0.048(7) 

0.015(8) 

-0.014(8) 

-0.021(6) 

C56 

0.081(9) 

0.063(8) 

0.037(6) 

0.017(7) 

-0.010(6) 

-0.017(6) 

C61 

0.038(6) 

0.046(6) 

0.033(5) 

0.007(5) 

0.005(5) 

0.006(4) 

C62 

0.057(9) 

0.050(8) 

0.035(6) 

0.003(6) 

0.011(6) 

-0.002(5) 

C63 

0.053(9) 

0.065(9) 

0.057(8) 

-0.005(7) 

0.003(7) 

0.008(7) 

C64 

0.068(9) 

0.065(8) 

0.068(9) 

0.009(7) 

0.031(8) 

0.028(7) 

C65 

0.060(9) 

0.074(9) 

0.052(7) 

0.025(7) 

0.021(7) 

0.035(6) 

C66 

0.039(7) 

0.072(8) 

0.039(6) 

0.005(6) 

0.006(5) 

0.011(5) 

C71 

0.040(7) 

0.041(6) 

0.040(6) 

0.006(5) 

-0.000(5) 

0.003(4) 

C72 

0.051(7) 

0.044(6) 

0.049(7) 

-0.003(5) 

-0.002(6) 

0.002(5) 

C73 

0.087(11) 

0.034(6) 

0.074(9) 

0.002(6) 

0.004(8) 

0.001(6) 

C74 

0.078(11) 

0.036(7) 

0.114(13) 

0.027(7) 

-0.001(10) 

-0.010(7) 

C75 

0.061(10) 

0.068(11) 

0.081(12) 

0.017(9) 

0.006(9) 

0.004(9) 

C76 

0.050(7) 

0.039(6) 

0.065(8) 

0.002(5) 

0.006(6) 

0.002(5) 

Table  A-20:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms 

of  complex  3-23. 


Atom 


U 


HI 

0.21126 

-0.31372 

0.15287 

0.08 

H2 

0.18689 

-0.45845 

0.11369 

0.08 

H3 

0.15833 

-0.48227 

-0.00656 

0.08 

H4 

0.17023 

-0.37846 

-0.08965 

0.08 

H5 

0.30131 

-0.261800 

-0.16446 

0.08 

H6 

0.43085 

-0.22204 

-0.1722 

0.08 

H7 

0.48879 

-0.13386 

-0.0849 

0.08 

H8 

0.41482 

-0.07681 

0.00704 

0.08 

H22 

0.28225 

0.30135 

0.22686 

0.08 

H23 

0.17781 

0.37437 

0.27512 

0.08 

H24 

0.05538 

0.31085 

0.27191 

0.08    f^  ^  r 

H25 

0.03544 

0.17576 

0.21965 

0.08    ^''' 

,.-    ^. 

H26 

0.14232 

0.09861 

0.17083 

0.08    '. 

:.  ■'  t^ 

H32 

0.26837 

0.29123 

0.07451 

0.08 

H33 

0.33776 

,      0.41065 

.     0.034 

0.08 

H34 

0.47267 

0.41817 

0.04893 

0.08     . 

'i 

H35 

0.53758 

0.30973 

0.11729 

0.08 

H36 

0.47017 

0.19339 

0.1619 

0.08 

H42 

0.43709 

0.0256 

0.1702 

0.08 

H43 

0.52553 

-0.01282 

0.26285 

0.08 

H44 

0.503360 

0.02826 

0.37965 

0.08 
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Table  A-20  Continued 


Atom 


U 


H45 

0.39827 

0.11497 

0.40532 

0.08 

H46 

0.31164 

0.1602 

0.31274 

0.08 

H52 

0.12108 

0.04135 

-0.06186 

0.08 

H53 

0.05438 

-0.02243 

-0.15913 

0.08 

H54 

0.12091 

-0.08426 

-0.25158 

0.08 

H55 

0.25407 

-0.08314 

-0.24832 

0.08 

H56 

0.3246 

-0.01586 

-0.15401 

0.08 

H62 

0.43584 

0.09455 

0.02948 

0.08 

H63 

0.55113 

0.16011 

-0.00851 

0.08 

H64 

0.55541 

0.21217 

-0.12642 

0.08 

H65 

0.44586 

0.20445 

-0.2015 

0.08 

H66 

0.33095 

0.14294 

-0.16215 

0.08 

H72 

0.27788 

0.2523 

-0.0937 

0.08 

H73 

0.18824 

0.36944 

-0.09825 

0.08 

H74 

0.07823 

0.36376 

-0.02832 

0.08 

H75 

0.05351 

0.24253 

0.04301 

0.08 

H76 

0.14276 

0.12693 

0.04612 

0.08 

H80A 

0.99356 

0.36827 

0.11021 

0.08 

H80B 

0.91513 

0.32393 

0.130470 

0.08 

iy.-'i:>^  P'> 
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Crystal  Structure  Data  for  Complex  4-5. 
Table  A-21:  Crystallographic  data. 


Crystal  data 

b,  A 

c,  A 

P,  deg. 

V,A3 

^calc.gcm-3(298K) 

Empirical  formula 

Formula  wt,  g 

Crystal  system 

Space  group 

Z 

F((XX)),  electrons 

Crystal  size  (mm^) 

Data  collection  (298  K) 

Radiation,  A,  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min.'^ 

20  range,  deg. 
Range  of  hkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  \i  (Mo-Ko),  mm'^ 
Min.  &  Max.  Transmission 

Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  3a(I) 
No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

Supplementary  Table  1  continued. 

min.  peak  in  diff.  four,  map  (e  A'-^) 
max.  peak  in  diff.  four,  map  (e  A'^) 


4-5 

11.909(2) 

29.260(3) 

12.033(2) 

90.06(1) 

4193(1) 

1.63 

C46H3603P2MoPt  *  0.5  C^lf, 

1028.77 

Monoclinic 

P2i/n 

4 

2028 

0.32  x  0.23  x 

0.1 

Mo-Ka,  0.71073 

co-scan 

Symmetrically 

'  over  1.2°  about  Kai  2  maximi 

offset  1.0  and 

-1.0  in  CO  from  Kaj  2  maximui 

3-6 

3-50 

Q    <    h 

<      14 

0    <    k 

<      34 

-14    <     / 

<      14 

7933 

7377 

3.75 

0.4038          0.7221 

1.1965 

4330 

505 

3.81,  4.03 

0.0352 

0.0018 

-1.2 

•  > 

1.1 

■. '    ^:  ,  r>  . 
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Table  A-22:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for 

the  non-H  atoms  of  complex  4-5. 


Atom 


U 


Pt 

0.02666(3) 

0.103410(10) 

0.40757(3) 

0.04087(10) 

Mo 

-0.12729(9) 

0.08044(3) 

0.15654(7) 

0.0709(4) 

PI 

-0.0100(2) 

0.17023(7) 

0.4972(2) 

0.0395(7) 

P2 

0.2192(2) 

0.09954(8) 

0.4152(2) 

0.0447(7) 

01 

0.1030(9) 

0.0571(3) 

0.0463(8) 

0.122(5) 

02 

-0.2232(9) 

0.0938(3) 

-0.0809(7) 

0.127(5) 

03 

-0.0907(7) 

0.1858(3) 

0.1378(6) 

0.084(3) 

CI 

-0.0474(9) 

0.0497(3) 

0.3291(8) 

0.063(4) 

C2 

-0.1233(8) 

0.0797(3) 

0.3530(7) 

0.055(4) 

C3 

-0.2372(9) 

0.0862(4) 

0.3210(8) 

0.082(5) 

C4 

-0.2912(11) 

0.0560(6) 

0.2490(10) 

0.112(7) 

C5 

-0.244(2) 

0.0178(5) 

0.1962(13) 

0.127(9) 

C6 

-0.141(2) 

-0.0018(5) 

0.1986(12) 

0.123(9)     . 

C7 

-0.0510(12) 

0.0008(4) 

0.2861(11) 

0.114(7)    ■ 

C8 

0.0162(12) 

0.0669(4) 

0.0858(10) 

0.088(6) 

C9 

-0.1907(11) 

0.0876(4) 

0.0085(10) 

0.091(5) 

CIO 

-0.1023(9) 

0.1482(4) 

0.1474(7) 

0.060(4) 

C21 

0.2862(7) 

0.1293(3) 

0.2993(7) 

0.048(3) 

C22 

0.3963(8) 

0.1441(3) 

0.2999(8) 

0.061(4) 

C23 

0.4433(9) 

0.1640(4) 

0.2084(10) 

0.078(5) 

C24 

0.3820(10) 

0.1700(4) 

0.1131(9) 

0.079(5) 

C25 

0.2739(10) 

0.1572(4) 

0.1113(9) 

0.086(5) 

C26 

0.2253(8) 

0.1368(3) 

0.2036(8) 

0.059(4) 

C31 

0.2770(8) 

0.0421(3) 

0.4029(7) 

0.052(3)    V 

C32 

0.3877(9) 

0.0338(4) 

0.3812(10) 

0.082(5) 

C33 

0.4269(11) 

-0.0104(4) 

0.3685(11) 

0.099(6) 

C34 

0.3606(12) 

-0.0464(4) 

0.3798(10) 

0.100(6) 

C35 

0.2513(13) 

-0.0388(4) 

0.4071(12) 

0.112(6) 

C36 

0.2092(9) 

0.0049(3) 

0.4179(9) 

0.074(4) 

C41 

0.2925(7) 

0.1221(3) 

0.5389(7) 

0.048(3) 

C42 

0.3205(8) 

0.0930(3) 

0.6246(8) 

0.063(4) 

C43 

0.3662(9) 

0.1102(5) 

0.7215(9) 

0.086(5) 

C44 

0.3835(9) 

0.1558(5) 

0.7343(10) 

0.086(5)   ^ 

C45 

0.3564(8) 

0.1849(4) 

0.6486(9) 

0.070(4) 

C46 

0.3105(7) 

0.1685(3) 

0.5505(8) 

0.058(4)  - 

C51 

-0.0010(7) 

0.1685(3) 

0.6479(7) 

0.043(3) 

C52 

0.0563(7) 

0.1335(3) 

0.6990(7) 

0.053(3)      • 

C53 

0.0685(9) 

0.1312(4) 

0.8112(8) 

0.067(4) 

C54 

0.0194(9) 

0.1632(4) 

0.8755(9) 

0.078(5) 

C55 

-0.0409(8) 

0.1986(4) 

0.8313(8) 

0.061(4) 

C56 

-0.0510(7) 

0.2012(3) 

^   0.7159(8) 

0.054(3)  ,..f 

C61 

-0.1565(6) 

0.1883(3) 

0.4789(7) 

0.040(3)      ■ 

C62 

-0.1887(7) 

0.2221(3) 

0.4039(8) 

0.060(4)  ^  f 

C63 

-0.3010(9) 

0.2329(4) 

0.3902(9) 

0.080(5) 

C64 

-0.3819(8) 

0.2107(4) 

0.4528(9) 

0.073(4) 

C65 

-0.3516(8) 

0.1769(3)     . 

0.5246(9) 

0.065(4) 

C66 

-0.2394(7) 

0.1662(3) 

0.5384(8) 

0.057(4) 

184 


Table  A-22  Continued 


Atom 


U 


C71 

0.0671(7) 

0.2212(3) 

0.4540(8) 

0.045(3) 

C72 

0.0891(7) 

0.2253(3) 

0.3405(8) 

0.057(4) 

C73 

0.1422(8) 

0.2635(4) 

0.2976(9) 

0.077(5) 

C74 

0.1752(9) 

0.2973(4) 

0.3692(11) 

0.080(5) 

C75 

0.1592(8) 

0.2926(3) 

0.4809(11) 

0.077(5) 

C76 

0.1050(7) 

0.2553(3) 

0.5228(8) 

0.059(4) 

C80 

0.436(2) 

0.0286(12) 

1.053(2) 

0.144(13) 

C81 

0.511(3) 

0.0446(7) 

0.984(3) 

0.150(13) 

C82 

0.578(2) 

0.0153(15) 

0.932(2) 

0.180(14) 

Table  A-23:  Bond  Lengths  (A)  and  Angles  (O)  for  the  non-H  atoms  of  complex  4-5. 


1-2 


1-2-3 


PI 

R 

P2 

2.275(2) 

102.43(8) 

PI 

Pt 

Cl 

143.2(3) 

P2 

Ft 

Cl 

2.297(2) 

114.4(3) 

P2 

Pt 

C2 

151.2(3) 

CI 

Pt 

C2 

2.033(10) 

37.1(4) 

r?, 

Pt 

PI 

2.025(10) 

106.2(3) 

Cl 

Mo 

C2 

2.453(10) 

31.0(3) 

C2 

Mo 

C3 

2.364(9) 

34.9(3) 

a 

Mo 

C4 

2.379(10) 

34.2(4) 

C4 

Mo 

C5 

2.359(13) 

34.7(6) 

C4 

Mo 

CIO 

116.6(5) 

C5 

Mo 

C6 

2.35(2) 

32.6(7) 

C6 

Mo 

C8 

2.466(14) 

87.1(6) 

08 

Mo 

C9 

1.950(14) 

87.8(5) 

C8 

Mo 

CIO 

92.7(4) 

C9 

Mo 

CIO 

1.945(12) 

84.3(4) 

CIO 

Mo 

Cl 

2.008(11) 

110.5(3) 

C51 

PI 

C61 

1.818(9) 

100.5(4) 

C51 

PI 

C71 

106.2(4) 

C51 

PI 

Pt 

115.9(3) 

C61 

PI 

C71 

1.836(8) 

102.1(4) 

C61 

PI 

Pt 

111.9(3) 

C/1 

PI 

Pt 

1.826(8) 

118.0(3) 

C21 

P2 

C31 

1.829(9) 

102.2(4) 

C21 

P2 

C41 

103.8(4) 

C21 

P2 

Pt 

112.5(3) 

C31 

P2 

C41 

1.824(9) 

102.6(4) 

C31 

P2 

Pt 

114.8(3) 

C41 

P2 

Pt 

1.847(9) 

119.1(3) 

C8 

01 

1.17(2) 

- 
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Table  A-23  Continued 

1-2  1-2-3 


C9 

02 

1.157(15) 

CIO 

03 

1.114(14) 

r?, 

CI 

C7 

1.292(14) 

133.9(11) 

C2 

CI 

Pt 

71.1(6) 

C2 

CI 

Mo 

70.7(6) 

CI 

CI 

Pt 

1.524(15) 

153.7(9) 

C7 

CI 

Mo 

92.7(7) 

Pt 

CI 

Mo 

106.1(4) 

C3 

C2 

Pt 

1.422(14) 

152.0(8) 

C3 

C2 

Mo 

73.1(5) 

CJ 

C2 

CI 

134.2(10) 

Pt 

C2 

Mo 

109.8(4) 

Pt 

C2 

CI 

71.8(6) 

Mo 

C2 

CI 

78.3(6) 

C4 

C3 

Mo 

1.39(2) 

72.1(7) 

C4 

C3 

C2 

121.6(11) 

Mo 

C3 

C2 

72.0(5) 

C5 

C4 

Mo 

1.40(2) 

72.4(9) 

C5 

C4 

C3 

127.1(14) 

Mo 

C4 

C3 

73.7(7) 

C6 

C5 

Mo 

1.36(3) 

78.3(11) 

C6 

C5 

C4 

134.(2) 

Mo 

C5 

C4 

72.9(9) 

C7 

C6 

Mo 

1.50(2) 

92.7(8) 

C7 

C6 

C5 

129.7(14) 

Mo 

C6 

C5 

69.1(9) 

CI 

C7 

C6 

107.8(10) 

Mo 

C8 

01 

177.1(10) 

Mo 

C9 

02 

175.7(11) 

Mo 

CIO 

03 

176.9(8) 

C22 

C21 

C26 

1.380(13) 

117.0(8) 

C22 

C21 

P2 

124.1(7) 

C26 

C21 

P2 

1.378(12) 

118.9(7) 

C23 

C22 

C21 

1.367(15) 

121.3(9) 

C24 

C23 

C22 

1.37(2) 

120.7(10) 

C25 

C24 

C23 

1.34(2) 

119.3(10) 

C26 

C25 

C24 

1.387(14) 

120.5(10) 

C21 

C26 

C25 

121.2(9) 

C32 

C31 

C36 

1.366(14) 

117.1(9) 

C32 

C31 

P2 

122.9(7) 

C36 

C31 

P2 

1.366(13) 

119.9(7) 

C33 

C32 

C31 

1.38(2) 

120.8(10) 

C34 

C33 

C32 

1.32(2) 

122.1(12) 

C35 

C34 

C33 

1.36(2) 

117.7(12) 

C36 

C35 

C34 

1.38(2) 

121.5(11) 

C31 

C36 

C35 

120.6(11) 

-  i  :,\ 

C42 

C41 

C46 

1.377(13) 

119.6(8) 

C42 

C41 

P2 

119.7(7) 

'      \;      {    «•-,... 

C46 

C41 

P2 

1.380(14) 

120.4(7) 

'  ■> 
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Table  A-23  Continued 


1-2 


1-2-3 


C43 

C42 

C41 

1.381(15) 

120.1(10) 

C44 

C43 

C42 

1.36(2) 

120.8(11) 

C45 

C44 

C43 

1.38(2) 

119.2(11) 

C46 

C45 

C44 

1.385(15) 

121.1(11) 

C41 

C46 

C45 

119.2(9) 

C52 

C51 

C56 

1.375(12) 

117.5(8) 

C52 

C51 

PI 

119.7(7) 

C56 

C51 

PI 

1.394(12) 

122.8(7) 

C53 

C52 

C51 

1.359(13) 

122.2(9) 

C54 

C53 

C52 

1.35(2) 

119.4(10) 

C55 

C54 

C53 

1.37(2) 

122.0(10) 

C56 

C55 

C54 

1.395(13) 

118.2(9) 

C51 

C56 

C55 

120.6(8) 

C62 

C61 

C66 

1.393(13) 

118.2(8) 

C62 

C61 

PI 

122.9(6) 

C66 

C61 

PI 

1.381(12) 

118.9(6) 

C63 

C62 

C61 

1.384(13) 

120.3(9) 

C64 

C63 

C62 

1.39(2) 

120.0(10) 

C65 

C64 

C63 

1.36(2) 

120.2(9) 

C66 

C65 

C64 

1.383(13) 

119.8(9) 

C61 

C66 

C65 

121.5(9) 

C72 

C71 

C76 

1.397(13) 

117.7(8) 

C72 

C71 

PI 

116.4(6) 

C76 

C71 

PI 

1.373(13) 

125.9(7) 

C73 

C72 

C/1 

1.385(15) 

121.4(9) 

C74 

C73 

C72 

1.37(2) 

118.7(10) 

CVS 

C/4 

C73 

1.37(2) 

120.5(10) 

C76 

C75 

C74 

1.367(14) 

120.6(10) 

C71 

C76 

C75 

121.0(10) 

C81 

C80 

1.31(4) 

C82 

C81 

C80 

1.33(5) 

119.(3) 

Table  A-24: 


Atom 


Anisotropic  thermal  parameters^  for  the  non-H  atoms  of  complex  4-5. 


Ull 


U22 


U33 


U12 


U13 


U23 


Ft 

0.0496(2) 

0.0350(2) 

0.0381(2) 

-0.0002(2) 

0.00322(12) 

-0.0031(2) 

Mo 

0.1023(8) 

0.0654(6) 

0.0451(5) 

-0.0246(6) 

-0.0050(5) 

-0.0056(5) 

PI 

0.0387(12) 

0.0361(13) 

0.0437(13) 

0.0006(10) 

0.0006(10) 

-0.0030(10) 

P2 

0.0513(13) 

0.0378(13) 

0.0449(13) 

0.0095(11) 

0.0059(10) 

0.0007(11) 

01 

0.161(10) 

0.119(8) 

0.087(7) 

0.030(7) 

0.030(6) 

-0.030(6) 

02 

0.176(10) 

0.131(9) 

0.072(6) 

-0.051(7) 

-0.037(6) 

0.019(5) 
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Table  A-24  Continued 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


03 

0.116(6) 

0.051(5) 

0.084(5) 

-0.009(5) 

-0.013(5) 

-0.002(4) 

CI 

0.091(8) 

0.050(6) 

0.049(6) 

-0.019(6) 

0.002(5) 

-0.008(5)     ' 

C2 

0.057(6) 

0.063(6) 

0.045(6) 

-0.011(5) 

0.000(5) 

-0.015(5) 

C3 

0.067(7) 

0.127(11) 

0.053(7) 

-0.037(7) 

-0.003(6) 

0.002(6) 

C4 

0.100(10) 

0.160(15) 

0.075(9) 

-0.081(10) 

-0.025(8) 

-0.005(9) 

C5 

0.22(2) 

0.082(12) 

0.074(10) 

-0.079(13) 

-0.043(13) 

0.008(9) 

C6 

0.25(2) 

0.060(10) 

0.057(9) 

-0.045(12) 

-0.005(13) 

-0.008(7) 

C7 

0.19(2) 

0.060(8) 

0.098(11) 

-0.022(9) 

0.019(10) 

-0.028(7) 

C8 

0.141(13) 

0.061(8) 

0.063(8) 

0.001(8) 

-0.000(8) 

-0.007(6) 

C9 

0.121(10) 

0.093(9) 

0.058(8) 

-0.039(7) 

-0.022(7) 

0.007(6) 

CIO 

0.077(7) 

0.074(8) 

0.030(5) 

-0.023(6) 

-0.006(5) 

-0.001(5) 

C21 

0.047(6) 

0.046(5) 

0.051(6) 

0.010(5) 

0.006(4) 

0.000(5) 

C22 

0.065(7) 

0.070(7) 

0.046(6) 

0.004(6) 

-0.003(5) 

0.005(5) 

C23 

0.067(7) 

0.083(8) 

0.082(8) 

-0.019(6) 

0.007(6) 

0.013(7) 

C24 

0.081(8) 

0.091(9) 

0.064(8) 

-0.021(7) 

0.015(6) 

0.021(6) 

C25 

0.088(9) 

0.120(11) 

0.051(7) 

-0.006(8) 

0.002(6) 

0.022(7) 

C26 

0.050(6) 

0.077(7) 

0.050(6) 

-0.007(5) 

-0.002(5) 

0.007(5) 

C31 

0.069(7) 

0.041(5) 

0.045(5) 

0.022(5) 

0.006(5) 

0.002(4) 

C32 

0.071(8) 

0.057(7) 

0.118(10) 

0.022(6) 

0.006(7) 

-0.002(6) 

C33 

0.092(9) 

0.063(8) 

0.142(12) 

0.043(7) 

0.027(8) 

0.011(8) 

C34 

0.128(12) 

0.053(8) 

0.120(11) 

0.046(8) 

0.044(9) 

0.020(7) 

C35 

0.146(13) 

0.041(7) 

0.149(13) 

0.015(8) 

0.054(10) 

0.015(7) 

C36 

0.081(8) 

0.034(6) 

0.107(9) 

0.021(5) 

0.037(6) 

0.015(6) 

C41 

0.041(5) 

0.061(6) 

0.043(5) 

0.009(4) 

0.002(4) 

0.004(5) 

C42 

0.068(7) 

0.068(7) 

0.054(6) 

0.024(5) 

-0.001(5) 

-0.000(5) 

C43 

0.075(7) 

0.128(12) 

0.055(7) 

0.022(8) 

-0.012(6) 

-0.006(8) 

C44 

0.073(8) 

0.126(12) 

0.058(8) 

-0.001(8) 

-0.021(6) 

-0.037(8) 

C45 

0.066(7) 

0.074(8) 

0.071(8) 

-0.006(6) 

0.001(6) 

-0.020(7) 

C46 

0.047(6) 

0.059(7) 

0.070(7) 

0.011(5) 

0.002(5) 

-0.003(5) 

C51 

0.032(5) 

0.047(5) 

0.051(5) 

-0.009(4) 

0.002(4) 

0.002(5) 

C52 

0.064(6) 

0.046(6) 

0.049(6) 

0.002(5) 

0.003(5) 

-0.005(5) 

C53 

0.090(8) 

0.065(7) 

0.047(6) 

0.018(6) 

-0.003(5) 

0.016(5) 

C54 

0.075(8) 

0.108(10) 

0.051(7) 

-0.022(7) 

0.013(6) 

-0.002(7) 

C55 

0.053(6) 

0.078(8) 

0.051(6) 

-0.011(6) 

0.015(5) 

-0.022(6)     . 

C56 

0.050(6) 

0.052(6) 

0.060(6) 

0.004(5) 

-0.002(5) 

-0.011(5) 

C61 

0.036(5) 

0.037(5) 

0.048(5) 

0.005(4) 

-0.003(4) 

0.000(4) 

C62 

0.041(6) 

0.074(7) 

0.066(6) 

0.005(5) 

-0.003(5) 

-0.000(5) 

C63 

0.061(7) 

0.089(9) 

0.089(8) 

0.025(6) 

-0.009(6) 

0.020(7) 

C64 

0.045(6) 

0.082(8) 

0.092(8) 

0.006(6) 

0.000(6) 

0.005(7) 

C65 

0.051(6) 

0.057(7) 

0.086(8) 

-0.010(5) 

0.010(5) 

0.004(6) 

C66 

0.047(6) 

0.053(6) 

0.070(7) 

0.006(5) 

0.005(5) 

-0.006(5) 

C71 

0.035(5) 

0.034(5) 

0.067(6) 

0.003(4) 

-0.003(4) 

-0.000(5) 

C72 

0.056(6) 

0.056(6) 

0.058(6) 

-0.005(5) 

0.002(5) 

0.010(5) 

C73 

0.072(8) 

0.080(8) 

0.078(8) 

0.003(7) 

0.022(6) 

0.025(7) 

C74 

0.066(7) 

0.048(7) 

0.127(11) 

-0.003(6) 

0.033(7) 

0.015(7) 

C75 

0.057(7) 

0.050(7) 

0.124(11) 

-0.015(5) 

0.019(7) 

-0.018(7) 

C76 

0.049(6) 

0.056(6) 

0.073(7) 

-0.003(5) 

0.004(5) 

-0.010(6) 

C80 

0.084(13) 

0.22(3) 

0.13(2) 

-0.020(14) 

-0.016(12) 

-0.07(2) 

C81 

0.20(3) 

0.11(2) 

0.14(2) 

-0.01(2) 

-0.09(2) 

0.019(15) 

C82 

0.14(2) 

0.27(3) 

0.13(2) 

-0.14(2) 

-0.011(14) 

-0.03(2) 
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Table  A-25:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms 

of  ccomplex  4-5. 


Atom 


U 


H3 

-0.2718 

0.1149 

0.33831 

0.08 

H4 

-0.36006 

0.06686 

0.21686 

0.08 

H5 

-0.28628 

0.00873 

0.13168 

0.08 

H6 

-0.12465 

-0.02167 

0.13723 

0.08 

H7a 

-0.06827 

-0.01978 

0.34594 

0.08 

H7b 

0.02023 

-0.00732 

0.254470 

0.08  ;  . 

H22 

0.44063 

0.14034 

0.36595 

0.08 

H23 

0.52011 

0.17392 

0.21084 

0.08    > 

H24 

0.41601 

0.18319 

0.04838 

0.08 

H25 

0.22972 

0.1621 

0.04561 

0.08   " 

H26 

0.14785 

0.12777 

0.2008 

0.08 

H32 

0.4389 

0.05898 

0.37466 

0.08 

H33 

0.504680 

-0.01513 

0.35087 

0.08 

H34 

0.38865 

-0.07688 

0.36913 

0.08 

H35 

0.20242 

-0.06439 

0.41915 

0.08 

H36 

0.13143 

0.0093 

0.43619 

0.08 

H42 

0.3082 

0.06076 

0.61686 

0.08 

H43 

0.38593 

0.08966 

0.7806 

0.08 

H44 

0.41428 

0.16753 

0.8023 

0.08      . 

H45 

0.36949 

0.21707 

0.65684 

0.08 

H46 

0.29146 

0.18912 

0.49141 

0.08 

H52 

0.08869 

0.10983 

0.65395 

0.08 

H53 

0.11168 

0.10711 

0.84436 

0.08 

H54 

0.02694 

0.161 

0.95474 

0.08 

H55 

.  -0.07539 

0.22103 

0.87836 

0.08 

H56 

-0.09278 

0.22579 

0.68301 

0.08 

H62 

-0.13268 

0.23796 

0.36146 

0.08 

H63 

-0.32286 

0.25582 

0.33728 

0.08 

H64 

-0.45945 

0.21908 

0.44552 

0.08 

H65 

-0.40801 

0.16065 

0.56556 

0.08 

H66 

-0.21868 

0.14278 

0.59049 

0.08 

H72 

0.06707 

0.20112 

0.29109 

0.08 

H73 

0.15559 

0.26629 

0.21925 

0.08 

H74 

0.20993 

0.32447 

0.34058 

0.08    • 

H75 

0.18628 

0.31585 

0.53056 

0.08 

H76 

0.09328 

0.252800 

0.60151 

0.08 

H80 

0.39507 

0.05279 

1.08906 

0.08     > 

H81 

0.52491 

0.07553 

0.96201 

0.08 

H82 

0.64127 

0.02187 

0.88547 

0.08 

^-      J»   .1*     »  - 
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Crystal  Structure  Data  for  Complex  4-10. 


Table  A-26:  Crystallographic  data. 


A.  Crystal  data  (298  K) 

a,  A 

b,  A 

c,  A 

P,  deg. 
V,A3 

^calc,gcm-3(298K) 

Empirical  formula 

Formula  wt,  g 

Crystal  system 

Space  group 

Z 

F(OOO),  electrons 

Crystal  size  (mm^) 

B.  Data  collection  (298  K) 
Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min."^ 

29  range,  deg. 
Range  oihkl 


Total  reflections  measured 
Unique  reflections 

Absorption  coeff.  |i  (Mo-Ko),  cm"^ 
Min.  &  Max.  Transmission 

C.  Structure  refinement 

S,  Goodness-of-fit 

Reflections  used,  I  >  2.5a(I) 
No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

min.  peak  in  diff.  four,  map  (e  A"-^) 

max.  peak  in  diff.  four,  map  (e  A'^) 


4-10 

9.500(2) 
20.346(4) 
13.710(4) 

110.20(2) 

2487(1) 

1.426 

C46H3603P2MoPt 

1067.83 

Monoclinic 

P2i 

2 

1056 

*C6H6 

0.21  x0.15x 

0.11 

Mo-Ka,  0.71073 

.    •  ''■■ 

(O-scan 

Symmetrically 

■  over  1.2°  about  Kqi  2  maximi 

offset  1.0  and 

-1.0 

in  0)  from  Kai^  maximui 

3-6 

'  '■-■• '    - 

3-50 
-\       <       h 
-A       <       k 
17       <        / 

< 

< 
< 

12 

26                            -. 

17 

8412 
7152 
3.16 

-  ,-.:-"       '      :v'..  ^ 

0.51437        0.72335       ,_        _     ' 

1.4542 

4229 

527 

5.49,    5.67 

0.000 

0.031 

-I 

'   '■  ■'.     :■■  ■■ 

2.2 
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Table  A-27:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for 

the  non-H  atoms  of  complex  4-10. 


Atom 


U 


Pt 

0.94281(8) 

0.0 

0.98550(5) 

0.0390(2)     ' 

Mo 

0.9843(2) 

-0.02614(10) 

1.25028(13) 

0.0510(8)  ■■'-'. 

PI 

1.0084(6) 

-0.0778(3) 

0.8900(4) 

0.046(2) 

P2 

0.7401(6) 

0.0552(3) 

0.8737(4) 

0.045(2) 

01 

0.814(2) 

-0.1396(9) 

1.1072(13) 

0.074(8) 

02 

0.704(2) 

-0.0279(10) 

1.3204(14) 

0.107(10) 

03 

1.139(2) 

-0.1305(9) 

1.4199(12) 

0.095(10) 

CI 

1.101(2) 

0.010(2) 

1.1335(12) 

0.046(8) 

C2 

0.992(2) 

0.0500(10) 

1.1199(13) 

0.042(8) 

C3 

0.945(3) 

0.0829(12) 

1.192(2) 

0.055(11) 

C4 

1.026(3) 

0.087(2) 

1.297(2) 

0.077(14) 

C5 

1.155(4) 

0.061(2) 

1.346(2) 

0.10(2) 

C6 

1.277(3) 

0.038(2) 

1.295(2) 

0.101(14) 

C7 

1.219(2) 

-0.0138(13) 

1.2096(14) 

0.065(11) 

C8 

0.878(3) 

-0.0972(13) 

1.156(2) 

0.046(10) 

C9 

0.801(3) 

-0.0261(13) 

1.294(2) 

0.067(10) 

CIO 

1.083(4) 

-0.0943(14) 

1.359(2) 

0.08(2) 

C21 

1.189(2) 

-0.1131(11) 

0.957(2) 

0.054(10) 

C22 

1.300(3) 

-0.1158(13) 

0.915(2) 

0.068(12) 

C23 

1.445(4) 

-0.143(2) 

0.969(2) 

0.09(2) 

C24 

1.466(3) 

-0.1711(13) 

1.063(2) 

0.081(14) 

C25 

1.353(4) 

-0.172(2) 

1.103(2) 

0.10(2) 

C26 

1.217(3) 

-0.1414(13) 

1.054(2) 

0.067(11) 

C31 

0.898(3) 

-0.1485(12) 

0.858(2) 

0.047(11) 

C32 

0.965(4) 

-0.208(2) 

0.860(3) 

0.08(2) 

C33 

0.860(5) 

-0.261(2) 

0.826(4) 

0.15(3) 

C34 

0.706(4) 

-0.2568(15) 

0.792(2) 

0.09(2) 

C35 

0.645(3) 

-0.199(2) 

0.796(2) 

0.10(2) 

C36 

0.745(3) 

-0.1433(13) 

0.823(2) 

0.057(11) 

C41 

1.021(2) 

-0.0462(11) 

0.769(2) 

0.047(9) 

C42 

0.975(3) 

-0.0796(15) 

0.676(2) 

0.076(13) 

C43 

0.967(3) 

-0.055(2) 

0.582(2) 

0.10(2) 

C44 

1.022(3) 

0.013(2) 

0.589(2) 

0.09(2)  . 

C45 

1.084(4) 

0.048(2) 

0.678(2) 

0.10(2) 

C46 

1.075(2) 

0.0177(10) 

0.771(2) 

0.055(11) 

C51 

0.807(3) 

0.1331(13) 

0.838(2) 

0.058(12) 

C52 

0.936(3) 

0.1617(15) 

0.901(2) 

0.076(14) 

C53 

0.993(4) 

0.2221(12) 

0.868(3) 

0.09(2) 

C54 

0.907(4) 

0.252(2) 

0.782(2) 

0.09(2) 

C55 

0.778(4) 

0.2276(14) 

0.714(2) 

0.089(15) 

C56 

0.719(3) 

0.1654(11) 

0.745(2) 

0.059(10) 

C61 

0.619(2) 

0.0192(11) 

0.7501(14) 

0.055(10) 

C62 

0.671(2) 

0.014(2) 

0.6661(13) 

0.064(10) 

C63 

0.588(3) 

-0.0180(14) 

0.581(2) 

0.089(14) 

C64 

0.452(3) 

-0.0496(15) 

0.575(2) 

0.088(13) 

C65 

0.402(3) 

-0.0425(14) 

0.656(2) 

0.081(12) 

C66 

0.483(2) 

-0.008(2) 

0.744(2) 

0.075(11) 
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Table  A-27  Continued 


Atom 


U 


C71 

0.600(2) 

0.0771(11) 

0.935(2) 

0.053(10) 

C72 

0.514(3) 

.   0.133(2) 

0.912(2) 

0.087(14) 

C73 

0.412(4)  - 

0.145(2) 

0.960(3) 

0.09(2) 

C74 

0.385(3) 

0.099(2) 

1.022(2) 

0.10(2) 

C75 

0.465(3) 

0.0437(14) 

1.044(2) 

0.072(12) 

C76 

0.575(2) 

0.0316(13) 

0.9998(14) 

0.064(10) 

C81 

0.332(4) 

-0.352(2) 

0.693(3) 

0.054(10) 

C82 

0.298(4) 

-0.363(2) 

0.602(3) 

0.057(11) 

C83 

0.221(4) 

-0.329(2) 

0.552(3) 

0.056(11) 

C84 

0.168(5) 

-0.263(2) 

0.593(3) 

0.072(13) 

C85 

0.224(5) 

-0.259(2) 

0.679(3) 

0.058(11) 

C86 

0.301(4) 

-0.303(2) 

0.729(3) 

0.042(9) 

C91 

0.740(5) 

-0.268(2) 

0.355(3) 

0.043(11) 

C92 

0.696(5) 

-0.312(3) 

0.413(4) 

0.064(15) 

C93 

0.645(5) 

-0.287(3) 

0.485(4) 

0.062(14) 

C94 

0.627(5) 

-0.227(2) 

0.486(3) 

0.051(13) 

C95 

0.663(5) 

-0.187(3) 

0.430(3) 

0.053(13) 

C96 

0.707(5) 

-0.203(2) 

0.361(3) 

0.047(12) 

Table  A-28:  Bond  Lengths  (A)  and  Angles  (O)  for  the  non-H  atoms  of  complex  4-10. 


1-2 


1-2-3 


PI 

Pt 

P2 

2.275(6) 

106.8(2) 

PI 

Pt 

CI 

112.5(8) 

P2 

Pt 

CI 

2.298(5) 

139.4(8) 

P2 

Pt 

C2 

103.8(6) 

CI 

Pt 

C2 

2.076(14) 

36.4(10) 

C2 

Pt 

PI 

2.01(2) 

148.8(6) 

CI 

Mo 

C2 

2.36(2) 

31.2(9) 

CI 

Mo 

C3 

62.0(10) 

CI 

Mo 

C4 

78.9(11) 

CI 

Mo 

C5 

76.0(10) 

CI 

Mo 

C7 

31.8(6) 

CI 

Mo 

C8 

92.2(10) 

CI 

Mo 

C9 

148.5(8) 

C2 

Mo 

C3 

2.39(2) 

34.3(8) 

C2 

Mo 

C4 

62.0(8) 

C2 

Mo 

C5 

75.2(8) 

C2 

Mo 

C7 

60.4(7) 

C2 

Mo 

C8 

97.2(8) 

C2 

Mo 

C9 

118.2(9) 

C2 

Mo 

CIO 

151.1(12) 

C3 

Mo 

C4 

2.34(2) 

33.9(8) 
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Table  A-28  Continued 

1-2  1-2-3 


r^ 

Mo 

C5 

59.6(8) 

a 

Mo 

C7 

83.1(9) 

n 

Mo 

C8 

119.1(8) 

C3 

Mo 

C9 

92.6(10) 

C3 

Mo 

CIO 

151.9(10) 

C4 

Mo 

C5 

2.39(3) 

30.7(10) 

C4 

Mo 

C7 

83.4(10) 

C4 

Mo 

C8 

152.3(9) 

C4 

Mo 

C9 

90.0(11) 

C4 

Mo 

CIO 

-     118.3(10) 

C5 

Mo 

C7 

2.46(3) 

64.6(10) 

C5 

Mo 

C8 

167.2(12) 

C5 

Mo 

C9 

108.5(11) 

C5 

Mo 

CIO 

93.0(10) 

a 

Mo 

C8 

2.49(2) 

102.8(9) 

C7 

Mo 

C9 

173.0(9) 

C7 

Mo 

CIO 

90.7(12) 

C8 

Mo 

C9 

1.97(2) 

84.2(10) 

C8 

Mo 

CIO 

88.9(10) 

C9 

Mo 

CIO 

2.02(3) 

90.5(13) 

CIO 

Mo 

CI 

2.01(3) 

120.7(13) 

C21 

PI 

C41 

1.79(2) 

105.0(11) 

C21 

PI 

Pt 

112.8(8) 

C41 

PI 

Pt 

1.82(2) 

113.2(8) 

C51 

P2 

C61 

1.84(3) 

105.1(10) 

C51 

P2 

C71 

106.5(13) 

C51 

P2 

Pt 

108.1(9) 

C61 

P2 

C/1 

1.84(2) 

101.4(10) 

C61 

P2 

Pt 

122.2(7) 

C71 

P2 

Pt 

1.86(3) 

112.4(6) 

C8 

01 

1.13(3) 

C9 

02 

1.11(3) 

CIO 

03 

1.10(3) 

C2 

CI 

C/ 

1.28(3) 

140.(2) 

C2 

CI 

R 

69.1(10) 

C2 

CI 

Mo 

75.6(14) 

C7 

CI 

Pt 

1.33(3) 

149.(2) 

C7 

CI 

Mo 

79.7(14) 

Pt 

CI 

Mo 

106.3(9) 

C3 

C2 

Pt 

1.39(3) 

150.(2) 

C3 

C2 

Mo 

71.1(13) 

C3 

C2 

CI 

130.(2) 

Pt 

C2 

Mo 

107.4(8) 

Pt 

C2 

CI 

74.5(12) 

Mo 

C2 

CI 

73.2(13) 

C4 

C3 

Mo 

1.38(3) 

75.(2) 

C4 

C3 

C2 

125.(2) 

Mo 

C3 

C2 

74.6(13) 

C5 

C4 

Mo 

1.28(4) 

78.(2) 
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Table  A-28  Continued 


1-2 


1-2-3 


C5 

C4 

C3 

127.(3) 

Mo 

C4 

C3 

71.(2) 

C6 

C5 

Mo 

1.62(5) 

90.(2) 

C6 

C5 

C4 

126.(2) 

Mo 

C5 

C4 

72.(2)     . 

C7 

C6 

C5 

1.53(4) 

114.(2) 

Mo 

C7 

CI 

68.6(13) 

Mb 

C7 

C6 

90.(2) 

CI 

C7 

C6 

109.(2) 

Mb 

C8 

01 

175.(2) 

Mo 

C9 

02 

177.(2)    . 

Mo 

CIO 

03 

178.(2)     ■ 

C22 

C21 

C26 

1.37(4) 

118.(2) 

C22 

C21 

PI 

123.(2) 

C26 

C21 

PI 

1.39(3) 

119.(2) 

C23 

C22 

C21 

1.43(4) 

123.(3) 

C24 

C23 

C22 

1.36(5) 

117.(3) 

C25 

C24 

C23 

1.37(5) 

121.(3) 

C26 

C25 

C24 

1.38(4) 

122.(3) 

C21 

C26 

C25 

119.(3) 

C32 

C31 

C36 

1.36(4) 

120.(3) 

C36 

C31 

1.37(4) 

C33 

C32 

C31 

1.43(6) 

113.(3) 

C34 

C33 

C32 

1.37(6) 

127.(4) 

C35 

C34 

C33 

1.32(4) 

118.(3) 

C36 

C35 

C34 

1.44(4) 

117.(3) 

C31 

C36 

C35 

124.(2)    . 

C42 

C41 

C46 

1.38(3) 

118.(2) 

C42 

C41 

PI 

125.(2) 

C46 

C41 

PI 

1.40(3) 

117.(2) 

C43 

C42 

C41 

1.36(4) 

126.(3) 

C44 

C43 

C42 

1.48(6) 

113.(3) 

C45 

C44 

C43 

1.36(4) 

126.(3) 

C46 

C45 

C44 

1.45(4) 

116.(3) 

C41 

C46 

C45 

121.(2) 

C52 

C51 

C56 

1.36(4) 

119.(3) 

C52 

C51 

P2 

121.(2) 

C56 

C51 

P2 

1.42(3) 

119.(2) 

C53 

C52 

C51 

1.47(5) 

121.(3) 

C54 

C53 

C52 

1.33(4) 

118.(3) 

C55 

C54 

C53 

1.35(4) 

125.(3) 

C56 

C55 

C54 

1.50(4) 

117.(2) 

C51 

C56 

C55 

119.(2) 

C62 

C61 

C66 

1.41(3) 

120.(2) 

C62 

C61 

P2 

120.(2) 

C66 

C61 

P2 

1.38(3) 

119.(2) 

C63 

C62 

C61 

1.33(3) 

119.(2) 

C64 

C63 

C62 

1.42(4) 

122.(3) 

C65 

C64 

C63 

1.36(4) 

118.(2) 

■  !>;  ■ 
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Table  A-28  Continued 


1-2 


1-2-3 


C66 

C65 

C64 

1.37(3) 

122.(2) 

C61 

C66 

C65 

119.(2) 

C72 

C71 

C76 

1.37(4) 

119.(3) 

C72 

C71 

P2 

124.(2) 

C76 

C71 

P2 

1.36(3) 

116.(2) 

C73 

C72 

C71 

1.37(5) 

121.(3)   - 

C74 

C73 

C72 

1.36(5) 

119.(3)   , 

C75 

C74 

C73 

1.33(5) 

121.(3)  ^'^ 

C76 

C75 

C74 

1.40(4) 

121.(3) 

C71 

C76 

C75 

119.(2) 

C82 

C81 

C86 

1.20(6) 

125.(4)  ; : 

C86 

C81 

1.19(6) 

C83 

C82 

C81 

1.06(5) 

116.(5) 

C84 

C83 

C82 

1.60(7) 

123.(4)  ■■/■ 

C85 

C84 

C83 

1.12(6) 

109.(4) 

C86 

C85 

C84 

1.21(5) 

122.(5) 

C81 

C86 

C85 

125.(4) 

C92 

C91 

C96 

1.37(7) 

118.(5) 

C96 

C91 

1.37(6) 

C93 

C92 

C91 

1.34(8) 

116.(5) 

C94 

C93 

C92 

1.24(7) 

118.(5) 

C95 

C94 

c:93 

1.24(7) 

125.(6) 

C96 

C95 

C94 

1.20(7) 

124.(5) 

C91 

C96 

C95 

117.(5) 

Table  A-29:    Anisotropic  thermal  parameters''  for  the  non-H  atoms  of  complex 


4-10. 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


Pt 

0.0458(4) 

0.0416(4) 

0.0331(3) 

0.0003(8) 

0.0180(3) 

0.0013(7) 

Mo 

0.0655(13) 

0.0511(13) 

0.0393(9) 

-0.0041(10) 

0.0218(9) 

-0.0002(9) 

PI 

0.053(4) 

0.049(4) 

0.041(3) 

0.004(3) 

0.025(3) 

-0.000(3) 

P2 

0.052(4) 

0.050(4) 

0.037(3) 

0.006(3) 

0.021(3) 

0.004(3) 

01 

0.060(11) 

0.074(13) 

0.077(11) 

-0.010(11) 

0.010(9) 

-0.007(10) 

02 

0.092(13) 

0.12(2) 

0.13(2) 

0.006(13) 

0.071(12) 

0.017(14) 

03 

0.15(2) 

0.058(12) 

0.056(10) 

0.019(13) 

0.008(11) 

0.021(10) 

CI 

0.045(10) 

0.06(2) 

0.027(8) 

0.00(2) 

0.006(8) 

0.002(14) 

r?, 

0.06(2) 

0.028(12) 

0.027(10) 

-0.011(11) 

0.007(11) 

-0.004(9) 

a 

0.07(2) 

0.06(2) 

0.039(14) 

-0.015(14) 

0.023(14) 

0.010(12) 

C4 

0.08(2) 

0.10(2) 

0.05(2) 

-0.05(2) 

0.03(2) 

-0.03(2) 

C5 

0.13(3) 

0.14(3) 

0.029(14) 

-0.09(3) 

0.02(2) 

-0.01(2) 

C6 

0.09(2) 

0.13(3) 

0.07(2) 

-0.03(2) 

0.01(2) 

0.01(2) 

C7 

0.075(14) 

0.07(3) 

0.040(10) 

-0.008(14) 

0.006(11) 

0.024(12) 

C8 

0.04(2) 

0.06(2) 

0.036(13) 

-0.004(13) 

0.007(12) 

0.006(12) 
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Table  A-29  Continued 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


C9 

0.07(2] 

0.07(2) 

0.063(14) 

-0.010(14) 

0.016(13) 

0.015(13) 

CIO 

0.10(3] 

0.04(2) 

0.10(3) 

-0.02(2) 

0.03(2) 

-0.01(2) 

C21 

0.059( 

14)       0.047(14) 

0.066(14) 

0.007(12) 

0.033(13) 

-0.022(12) 

C22 

0.05(2] 

0.08(2) 

0.07(2) 

0.01(2) 

0.024(15) 

0.01(2) 

C23 

0.07(2] 

0.12(3) 

0.09(2) 

-0.02(2) 

0.05(2) 

-0.00(2) 

C24 

0.06(2] 

0.07(2) 

0.12(2) 

0.01(2) 

0.03(2) 

0.03(2) 

C25 

0.11(2] 

0.11(3) 

0.09(2) 

0.00(2) 

0.02(2) 

0.05(2) 

C26 

0.053(1 

15)     0.10(2) 

0.061(14) 

0.01(2) 

0.030(12) 

0.033(15) 

C31 

0.05(2] 

0.05(2) 

0.046(14) 

0.016(14) 

0.024(13) 

0.001(12) 

C32 

0.07(2] 

0.07(2) 

0.13(3) 

0.04(2) 

0.06(2) 

0.02(2) 

C33 

0.13(4] 

0.09(3) 

0.25(5) 

0.08(3) 

0.08(4) 

0.01(3) 

C34 

0.09(2] 

0.07(2) 

0.12(2) 

-0.02(2) 

0.05(2) 

-0.03(2) 

C35 

0.06(2] 

0.08(2) 

0.17(3) 

-0.02(2) 

0.06(2) 

-0.05(2) 

C36 

0.05(2] 

0.05(2) 

0.07(2) 

0.005(14) 

0.016(14) 

-0.017(14) 

C41 

0.041(1 

13)      0.05(2) 

0.051(13) 

0.002(11) 

0.011(11) 

0.015(12) 

C42 

0.09(2) 

0.10(2) 

0.040(13) 

-0.01(2) 

0.033(14) 

0.004(14) 

C43 

0.06(2) 

0.19(4) 

0.05(2) 

-0.03(2) 

0.031(14) 

-0.01(2) 

C44 

0.07(2) 

0.16(4) 

0.06(2) 

0.02(3) 

0.040(14) 

0.05(3)      . 

C45 

0.15(3) 

0.09(2) 

0.10(2) 

-0.02(2) 

0.09(2) 

0.02(2) 

C46 

0.07(2) 

0.04(2) 

0.058(12) 

0.000(12) 

0.025(11) 

0.005(12) 

C51 

0.08(2) 

0.05(2) 

0.031(12) 

0.04(2) 

0.01(2) 

-0.001(12) 

C52 

0.06(2) 

0.07(2) 

0.09(2) 

-0.01(2) 

0.01(2) 

-0.02(2) 

C53 

0.13(3) 

0.02(2) 

0.10(2) 

0.01(2) 

0.03(2) 

0.02(2) 

C54 

0.11(3) 

0.09(2) 

0.07(2) 

-0.03(2) 

0.06(2) 

0.01(2) 

C55 

0.13(3) 

0.08(2) 

0.06(2) 

0.01(2) 

0.04(2) 

0.02(2) 

C56 

0.06(2) 

0.05(2) 

0.062(15) 

0.012(13) 

0.025(13) 

0.010(13) 

C61 

0.046(1 

2)      0.05(2) 

0.055(12) 

0.004(12) 

0.005(10) 

0.009(11) 

C62 

0.055(1 

2)      0.10(3) 

0.033(9) 

0.00(2) 

0.013(9) 

-0.00(2) 

C63 

0.07(2) 

0.12(3) 

0.07(2) 

0.02(2) 

0.016(13) 

-0.01(2)  ; 

C64 

0.06(2) 

0.10(2) 

0.07(2) 

-0.01(2) 

-0.009(14) 

-0.03(2)     ' 

C65 

0.06(2) 

0.09(2) 

0.09(2) 

-0.01(2) 

0.02(2) 

-0.00(2)     ^ 

C66 

0.063(] 

4)     0.11(3) 

0.044(11) 

0.00(2) 

0.009(10) 

0.00(2) 

C71 

0.07(2) 

0.047(14) 

0.047(13) 

0.004(13) 

0.025(12) 

-0.002(11) 

C72 

0.08(2) 

0.10(2) 

0.09(2) 

0.02(2) 

0.04(2) 

0.01(2) 

C73 

0.08(3) 

0.09(3) 

0.14(3) 

0.04(2) 

0.08(3) 

0.03(2) 

C74 

0.04(2) 

0.18(4) 

0.07(2) 

0.02(2) 

0.026(15) 

-0.05(2) 

C75 

0.07(2) 

0.10(2) 

0.08(2) 

0.01(2) 

0.060(14) 

0.01(2) 

C76 

0.066(1 

5)     0.08(2) 

0.050(12) 

0.020(13) 

0.029(11) 

0.030(12) 
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Table  A- 30:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms 

of  complex  4-10. 


Atom 


U 


H3 

0.84843 

0.10407 

1.16774 

0.08 

H4 

0.98419 

0.11272 

1.3394 

0.08 

H5 

1.18174 

0.05382 

1.41918 

0.08 

H6a 

1.36364 

0.02045 

1.34874 

0.08 

H6b 

1.30467 

0.07576 

1.26485 

0.08 

H7 

1.26221 

-0.0567 

1.2115 

0.08 

H22 

1.28214 

-0.09803 

0.84715 

0.08 

H23 

1.52375 

-0.14268 

0.94062 

0.08 

H24 

1.56037 

-0.19084 

1.10118 

0.08 

H25 

1.36976 

-0.19391 

1.1682 

0.08 

H26 

1.14311 

-0.13974 

1.08756 

0.08 

H32 

1.07103 

-0.2147 

0.88374 

0.08 

H33 

0.89912 

-0.30386 

0.82339 

0.08 

H34 

0.64241 

-0.29457 

0.76906 

0.08 

H35 

0.53928 

-0.19381 

0.78163 

0.08 

H36 

0.70127 

-0.10029 

0.81628 

0.08 

H42 

0.9446 

-0.12448 

0.67888 

0.08 

H43 

0.92887 

-0.08031 

0.51935 

0.08 

H44 

1.017340 

0.0326 

0.52424 

0.08 

H45 

1.12504 

0.09063 

0.6755 

0.08 

H46 

1.10957 

0.04235 

0.83453 

0.08 

H52 

0.99138 

0.14201 

0.96636 

0.08 

H53 

1.08994 

0.2391 

0.90816 

0.08 

t*  -  ■ 

H54 

0.938(4) 

0.294(2) 

0.766(2) 

0.08 

H55 

0.7251 

0.24895 

0.64959 

0.08 

H56 

0.62503 

0.14781 

0.70097 

0.08 

.    *-■•  <. 

H62 

0.76604 

0.032390 

0.6704 

0.08 

H63 

0.62148 

-0.01948 

0.52239 

0.08 

H64 

0.39686 

-0.07505 

0.51457 

0.08 

H65 

0.30864 

-0.06205 

0.65278 

0.08 

H66 

0.44633 

-0.00292 

0.80059 

0.08 

H72 

0.52657 

0.16382 

0.86288 

0.08 

H73 

0.36216 

0.18723 

0.9507 

0.08 

H74 

0.3058 

0.10559 

1.04959 

0.08 

H75 

0.44793 

0.01196 

1.09021 

0.08 

H76 

0.63206 

-0.00846 

1.01474 

0.08 

H81 

0.39127 

-0.38495 

0.7391 

0.08 

H82 

0.3351 

-0.39923 

0.57355 

0.08 

H83 

0.18191 

-0.33784 

0.47849 

0.08 

H84 

0.09436 

-0.23273 

0.54972 

0.08 

H85 

0.21285 

-0.21881 

0.71147 

0.08 

H86 

0.33774 

-0.29817 

0.80304 

0.08 

H91 

0.79269 

-0.28193 

0.30959 

0.08 

H92 

0.70086 

-0.35869 

0.4029 

0.08 

H93 

0.62376 

-0.31503 

0.53444 

0.08 

H94 

0.58379 

-0.20934 

0.53431 

0.08 

H95 

0.65321 

-0.14102 

0.44076 

0.08 

H96 

0.71927 

-0.17124 

0.3127 

0.08 
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Crystal  Structure  Data  for  Complex  6-24 
Table  A-3 1 :  Crystallographic  data. 


Crystal  data 

a,  A 

b,  A 

c,  A 
a,  deg. 
P,  deg. 
Y,  deg. 

V,A3 

^calo  g  cm-3(298  K) 
Empirical  formula 
Formula  wt,  g 
Crystal  system 

Space  group 

Z 

F(OOO),  electrons 

Crystal  size  (mm-^) 

Data  collection  (298  K) 

Radiation,  X  (A) 

Mode 

Scan  range 

Background 

Scan  rate,  deg.  min."^ 

29  range,  deg. 
Range  oihkl 


6-24 

11.040(2) 
11.202(3) 
20.126(5) 

78.52(2) 

75.40(2) 

65.45(2) 

2178(1) 

1.22 

CwHesSiPRu  *  I/2C7H8 

800.16 

Triclinic 

Pi 

2 

854 

0.47  X  0.34  X  0.21 


Mo-Ka,  0.71073 

co-scan 

Symmetrically  over  1.2°  about  Kai  2  maximi 

offset  1.0  and  -1.0  in  co  from  Km  2  maximui 

3-6 

3-55 

Q      <  h  <  14 

-n     <  k  <  13 

-25      <  /  <  25 


Total  reflections  measured 
Unique  reflections 

10499 
9980 

Absorption  coeff.  \i  (Mo-Ka), 
Min.  &  Max.  Transmission 

cm"^ 

0.45 
0.8661 

Structure  reflnement 

S,  Goodness-of-fit 

1.3956 

Reflections  used,  I  >  3ct(I) 
No.  of  variables 
R,  wR*  (%) 

Rint.  (%) 
Max.  shift/esd 

5816 

448 

4.61,   4.99 

0.0141 

0.0000 

min.  peak  in  diff.  four  map  (e 
max.  peak  in  diff.  four,  map  (e 

A-3) 

:A-3) 

-0.3 
0.7 

0.9324 
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Table  A-32:  Fractional  coordinates  and  equivalent  isotropic^  thermal  parameters  (A^)  for 

the  non-H  atoms  of  complex  6-24. 


Atom 


U 


Ru 

0.35511(4)     0.13178(4)     0.31308(2)     0.0375(2) 

P 

0.38585(] 

11)    0.18800(] 

10)    0.19224(5)     0.0369(5) 

Si 

0.11441(] 

13)    0.15052(1 

12)    0.33447(6)     0.0426(6) 

CI 

0.1628(4) 

0.2872(4) 

0.3314(2) 

0.038(2) 

C2 

0.0842(5) 

0.4091(4) 

0.3508(2) 

0.043(2) 

C3 

0.0369(6) 

0.0866(6) 

0.4196(2) 

0.071(3) 

C4 

0.0157(5) 

0.1431(5) 

0.2729(3) 

0.056(2) 

C5 

-0.0632(5) 

0.4366(5) 

0.3793(3) 

0.052(2) 

C6 

-0.1136(7) 

0.4378(6) 

0.4490(3) 

0.087(4) 

C7 

-0.2473(8) 

0.4489(8) 

0.4758(4) 

0.115(5) 

C8 

-0.3294(7) 

0.4611(7) 

0.4329(5) 

0.105(5) 

C9 

-0.2831(6) 

0.4646(6) 

0.3649(4) 

0.088(4) 

CIO 

-0.1529(5) 

0.4529(5) 

0.3382(3) 

0.064(3) 

Cll 

0.1278(5) 

0.5202(5) 

0.3470(2) 

0.048(2) 

C12 

0.0331(6) 

,--  0.6468(5) 

0.3610(3) 

0.072(3) 

C13 

0.0744(7) 

'  ■*='   0.7500(6) 

0.3526(4) 

0.092(4) 

C14 

0.2077(7) 

0.7328(6) 

0.3298(3) 

0.082(4) 

C15 

0.3027(6) 

•    .  0.6085(6) 

0.3158(3) 

0.068(3) 

C16 

0.2618(5) 

0.5039(5) 

0.3245(2) 

0.053(2) 

C17 

0.5745(5) 

0.0471(5) 

0.3265(3) 

0.059(3) 

C18 

0.5214(6) 

-0.0516(5) 

0.3506(3) 

0.064(3) 

C19 

0.4131(6) 

-0.0051(6) 

0.4068(3) 

0.067(3) 

C20 

0.3980(6) 

0.1211(6) 

0.4169(3) 

0.064(3) 

C21 

0.4996(6) 

0.1536(5) 

0.3664(3) 

0.059(3) 

C22 

0.7077(5) 

0.0285(6) 

0.2772(3) 

0.091(3) 

C23 

0.5821(7) 

-0.1883(5) 

0.3310(4) 

0.103(4) 

C24 

0.3461(7) 

-0.0925(7) 

0.4545(3) 

0.115(4) 

C25 

0.3053(7) 

0.1987(7) 

0.4752(3) 

0.098(4) 

C26 

0.5464(7) 

0.2596(6) 

0.3709(3) 

0.088(4) 

C27 

0.2294(4) 

0.3135(4) 

0.1620(2) 

0.043(2) 

C28 

0.2076(5) 

0.4543(4) 

0.1672(2) 

0.053(2) 

C29 

0.0636(5) 

0.5497(6) 

0.1605(3) 

0.075(3) 

C30 

0.0291(6) 

0.5402(6) 

0.0942(3) 

0.079(3) 

C31 

0.0564(6) 

0.4010(6) 

0.0863(3) 

0.081(3) 

C32 

0.2007(5) 

0.3071(5) 

0.0925(2) 

0.061(3) 

C33 

0.5272(4) 

0.2452(4) 

0.1484(2) 

0.042(2) 

C34 

0.5324(5) 

0.3544(5) 

0.1812(2) 

0.052(2) 

C35 

0.6652(5) 

0.3730(6) 

0.1509(3) 

0.067(3) 

C36 

0.6815(6) 

0.4055(6) 

0.0732(3) 

0.078(3) 

C37 

0.6729(5) 

0.3016(6) 

0.0389(3) 

0.072(3) 

C38 

0.5414(5) 

0.2799(5) 

0.0697(2) 

0.056(2) 

C39 

0.4338(5) 

0.0465(4) 

0.1404(2) 

0.048(2) 

C40 

0.5783(6) 

-0.0511(5) 

0.1377(3) 

0.076(3) 

C41 

0.6112(7) 

-0.1596(6) 

0.0914(4) 

0.100(4) 

C42 

0.5145(8) 

-0.2295(6) 

0.1150(4) 

0.109(5) 

C43 

0.3711(7) 

-0.1333(6) 

0.1187(3) 

0.089(4) 

C44 

0.3370(6) 

-0.0261(5) 

0.1654(3) 

0.068(3) 
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Table  A-32  Continued 
Atom  X y  z  U. 


C50 

0.9917(12) 

0.9789(12) 

0.1105(7) 

0.191(5) 

C51 

1.039(2) 

1.066(2) 

0.0569(10) 

0.120(5) 

C52 

0.9452(15) 

0.9119(14) 

0.0693(8) 

0.098(4) 

C53 

0.9501(8) 

0.9216(8) 

0.0075(5) 

0.115(3) 

C54 

1.005(2) 

0.985(2) 

0.0450(8) 

0.108(5) 

Table  A-33:  Bond  Lengths  (A)  and  Angles  (O)  for  the  non-H  atoms  of  complex  6-24. 

1-2  1-2-3 


p 

Ru 

Si 

2.3619(12) 

98.39(5) 

p 

Ru 

CI 

93.37(11) 

Si 

Ru 

CI 

2.507(2) 

45.0(2) 

CI 

Ru 

C17 

2.113(4) 

146.5(2) 

C17 

Ru 

C18 

2.271(6) 

36.2(2) 

C18 

Ru 

C19 

2.260(5) 

36.9(2) 

C19 

Ru 

C20 

2.228(5) 

36.7(3) 

C19 

Ru 

C21 

61.1(2) 

C20 

Ru 

C21 

2.226(6) 

37.3(2) 

C21 

Ru 

HI 

2.246(7) 

152.3(13) 

Si 

HI 

Ru 

1.70(3) 

100.(2) 

HI 

Ru 

P 

1.58(5) 

84.5(13) 

HI 

Ru 

Si 

41.9(12) 

HI 

Ru 

CI 

85.0(12) 

C27 

P 

C33 

1.871(4) 

106.3(2) 

C27 

P 

C39 

102.9(2) 

C27 

P 

Ru 

113.68(12) 

C33 

P 

C39 

1.880(5) 

98.7(2) 

C33 

P 

Ru 

118.6(2) 

C39 

P 

Ru 

1.888(5) 

114.63(14) 

CI 

Si 

C3 

1.805(6) 

118.2(3) 

CI 

Si 

C4 

123.5(2) 

CI 

Si 

Ru 

55.84(13) 

CI 

Si 

HI 

92.(2) 

r3 

Si 

C4 

1.861(5) 

103.8(3) 

C3 

Si 

Ru 

120.2(2) 

<r^ 

Si 

HI 

116.9(12) 

C4 

Si 

Ru 

1.878(6) 

129.49(15) 

C4 

Si 

HI 

101.(2) 

Ru 

Si 

HI 

38.(2) 

C2 

CI 

Ru 

1.351(6) 

150.2(4) 

C2 

CI 

Si 

128.6(4) 

Ru 

CI 

Si 

79.1(2) 

C5 

C2 

Cll 

1.502(7) 

116.1(4) 
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Table  A-33  Continued 


C5 

C2 

CI 

Cll 

C2 

CI 

C6 

C5 

CIO 

C6 

C5 

C2 

CIO 

C5 

C2 

C7 

C6 

C5 

C8 

C/ 

C6 

C9 

C8 

C7 

CIO 

C9 

C8 

C5 

CIO 

C9 

C12 

Cll 

C16 

C12 

Cll 

C2 

C16 

Cll 

C2 

C13 

C12 

Cll 

C14 

C13 

C12 

C15 

C14 

C13 

C16 

C15 

C14 

Cll 

C16 

C15 

C18 

C17 

C21 

C18 

C17 

C22 

C18 

C17 

Ru 

r?,i 

C17 

C22 

C21 

C17 

Ru 

C22 

C17 

Ru 

C19 

C18 

C23 

C19 

C18 

Ru 

C19 

C18 

C17 

C23 

C18 

Ru 

C23 

C18 

C17 

Ru 

C18 

C17 

C20 

C19 

C24 

C20 

C19 

Ru 

C20 

C19 

C18 

C24 

C19 

Ru 

C24 

C19 

C18 

Ru 

C19 

C18 

C21 

C20 

C25 

dl 

C20 

Ru 

C21 

C20 

C19 

C25 

C20 

Ru 

C25 

C20 

C19 

Ru 

C20 

C19 

C26 

C21 

Ru 

C26 

C21 

C17 

C26 

C21 

C20 

Ru 

C21 

C17 

Ru 

C21 

C20 

C17 

C21 

C20 

C28 

C27 

C32 

1-2  1-2-3 

116.9(5) 

1.493(8)  127.1(4) 

1.373(7)  116.4(5) 

121.2(5) 

1.379(9)  122.3(4) 

1.399(11)  120.7(7) 

1.351(14)  120.2(7) 

1.335(12)  119.8(7) 

1.362(9)  120.6(8) 

122.3(6) 

1.401(6)  117.7(6) 

121.3(5) 

1.377(7)  120.9(4) 

1.376(11)  120.4(6) 

1.369(10)  121.4(5) 

1.382(7)  119.1(7) 

1.387(10)  119.9(6) 

121.6(4) 

1.408(9)  108.7(5) 

124.7(5) 

71.5(3) 

1.407(7)  125.3(6) 

70.9(3) 

1.511(7)  133.8(4) 

1.420(7)  125.2(6) 

70.3(3) 

107.0(5) 

1.485(8)  131.3(5) 

126.9(5) 

72.3(3) 

1.403(10)  127.0(5) 

71.6(3) 

109.3(6) 

1.516(10)  130.5(5) 

122.8(6) 

72.8(3) 

1.428(8)  126.4(7) 

72.1(3) 

106.9(4) 

1.497(8)  127.3(4) 

126.2(6) 

71.7(3) 

1.504(11)  137.3(4) 

124.8(5) 

124.3(5) 

72.8(4) 

70.6(4) 

108.1(6) 

1.515(7)  108.8(4) 
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Table  A-33  Continued 


1-2 


1-2-3 


C28 

C27 

P 

113.4(4) 

C32 

C27 

P 

1.531(7) 

120.1(3) 

C29 

C28 

C27 

1.525(7) 

111.6(5) 

C30 

C29 

C28 

1.511(9) 

111.4(4) 

C31 

C30 

C29 

1.494(10) 

111.5(5) 

C32 

C31 

C30 

1.522(7) 

112.7(6) 

C27 

C32 

C31 

109.9(4) 

C34 

C33 

C38 

1.528(8) 

110.0(4) 

C34 

C33 

P 

115.1(3) 

C38 

C33 

P 

1.539(6) 

115.8(4) 

C35 

C34 

C33 

1.522(8) 

110.1(4) 

C36 

C35 

C34 

1.515(8) 

110.7(5) 

C37 

C36 

C35 

1.512(11) 

111.9(5) 

C38 

C37 

C36 

1.526(8) 

111.1(4) 

C33 

C38 

C37 

110.6(5) 

C40 

C39 

C44 

1.508(7) 

109.7(4) 

C40 

C39 

P 

114.0(5) 

C44 

C39 

P 

1.532(9) 

111.9(3) 

C41 

C40 

C39 

1.546(10) 

110.7(6) 

C42 

C41 

C40 

1.506(13) 

111.9(5) 

C43 

C42 

C41 

1.492(10) 

110.8(6) 

C44 

C43 

C42 

1.537(10) 

111.5(7) 

C39 

C44 

C43 

110.9(4) 

C51 

C50 

C52 

1.45(2) 

101.4(14) 

C52 

C50 

C54 

1.52(3) 

50.6(13) 

C54 

C50 

C51 

1.28(2) 

51.3(14) 

C54 

C51 

C50 

1.19(3) 

57.1(13) 

C53 

C52 

C54 

1.22(2) 

76.2(13) 

C53 

C52 

C50 

130.6(15) 

C54 

C52 

C50 

1.21(3) 

54.6(13) 

C54 

C53 

C52 

1.50(3) 

51.9(12) 

Table  A-34:   Anisotropic  thermal  parameters''  for  the  non-H  atoms  of  complex  6-24. 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


Ra 

0.0436(2) 

0.0385(2) 

0.0323(2) 

-0.0202(2) 

-0.0119(2) 

0.00809(13) 

P 

0.0384(7) 

0.0360(6) 

0.0324(6) 

-0.0132(5) 

-0.0057(5) 

0.0013(5) 

Si 

0.0493(8) 

0.0473(7) 

0.0364(6) 

-0.0289(7) 

-0.0019(6) 

-0.0005(5) 

CI 

0.043(3) 

0.049(3) 

0.025(2) 

-0.024(2) 

-0.004(2) 

-0.002(2) 

(7 

0.049(3) 

0.050(3) 

0.032(2) 

-0.027(2) 

0.000(2) 

-0.006(2) 

(r< 

0.082(4) 

0.090(4) 

0.052(3) 

-0.058(4) 

-0.001(3) 

0.010(3) 

C4 

0.051(3) 

0.059(3) 

0.066(3) 

-0.031(3) 

-0.007(2) 

-0.008(2) 

C.5 

0.054(3) 

0.049(3) 

0.059(3) 

-0.029(3) 

0.007(3) 

-0.019(2) 
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Table  A-34  Continued 


Atom 


Ull 


U22 


U33 


U12 


U13 


U23 


C6 
C7 
C8 
C9 

CIO 
Cll 
C12 
€13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
024 
025 
C26 
C27 
C28 
C29 
C30 
€31 
€32 
€33 
€34 
€35 
€36 
€37 
€38 
€39 
€40 
€41 
€42 
€43 
€44 


0.095(5) 

0.119(5) 

0.063(4) 

-0.063(4) 

0.022(3) 

0.117(7) 

0.144(7) 

0.096(5) 

-0.086(6) 

0.064(5) 

0.068(5) 

0.102(5) 

0.156(8) 

-0.054(4) 

0.042(5) 

0.056(4) 

0.079(4) 

0.129(6) 

-0.031(3) 

-0.003(4) 

0.043(3) 

0.059(3) 

0.083(4) 

-0.023(3) 

0.006(3) 

0.056(3) 

0.051(3) 

0.042(3) 

-0.028(3) 

-0.006(2) 

0.063(4) 

0.056(3) 

0.105(5) 

-0.031(3) 

-0.001(3) 

0.082(5) 

0.053(4) 

0.146(6) 

-0.028(3) 

-0.010(4) 

0.089(5) 

0.059(4) 

0.118(5) 

-0.049(4) 

-0.018(4) 

0.068(4) 

0.069(4) 

0.080(4) 

-0.042(3) 

-0.009(3) 

0.055(3) 

0.056(3) 

0.051(3) 

-0.028(3) 

-0.003(2) 

0.053(3) 

0.066(3) 

0.060(3) 

-0.023(3) 

-0.031(3) 

0.074(4) 

0.048(3) 

0.067(3) 

-0.014(3) 

-0.041(3) 

0.080(4) 

0.080(4) 

0.053(3) 

-0.046(3) 

-0.040(3) 

0.074(4) 

0.085(4) 

0.039(3) 

-0.032(3) 

-0.028(3) 

0.070(4) 

0.064(3) 

0.054(3) 

-0.034(3) 

-0.033(3) 

0.049(4) 

0.109(5) 

0.099(5) 

-0.019(4) 

-0.030(3) 

0.118(6) 

0.059(4) 

0.124(6) 

-0.019(4) 

-0.061(5) 

0.127(6) 

0.136(6) 

0.103(5) 

-0.087(5) 

-0.068(5) 

0.111(6) 

0.144(6) 

0.054(4) 

-0.054(5) 

-0.029(4) 

0.114(5) 

0.096(5) 

0.094(4) 

-0.065(4) 

-0.068(4) 

0.043(3) 

0.049(3) 

0.033(2) 

-0.016(2) 

-0.011(2) 

0.053(3) 

0.051(3) 

0.041(3) 

-0.006(2) 

-0.010(2) 

0.061(4) 

0.068(4) 

0.061(3) 

-0.000(3) 

-0.006(3) 

0.054(4) 

0.085(4) 

0.062(4) 

-0.000(3) 

-0.018(3) 

0.068(4) 

0.110(5) 

0.060(4) 

-0.029(4) 

-0.037(3) 

0.059(3) 

0.073(3) 

0.045(3) 

-0.015(3) 

-0.024(2) 

0.035(2) 

0.046(3) 

0.040(2) 

-0.016(2) 

-0.002(2) 

0.050(3) 

0.060(3) 

0.046(3) 

-0.027(3) 

-0.005(2) 

0.063(4) 

0.071(4) 

0.072(4) 

-0.037(3) 

-0.006(3) 

0.070(4) 

0.090(4) 

0.071(4) 

-0.049(4) 

0.014(3) 

0.061(4) 

0.077(4) 

0.057(3) 

-0.025(3) 

0.014(3) 

0.056(3) 

0.058(3) 

0.042(3) 

-0.020(3) 

0.005(2) 

0.053(3) 

0.043(3) 

0.042(3) 

-0.013(2) 

-0.002(2) 

0.067(4) 

0.059(3) 

0.089(4) 

-0.008(3) 

-0.012(3) 

0.092(5) 

0.065(4) 

0.112(6) 

0.007(4) 

-0.008(4) 

0.151(8) 

0.060(4) 

0.108(6) 

-0.024(5) 

-0.021(5) 

0.114(6) 

0.073(4) 

0.094(5) 

-0.049(4) 

0.002(4) 

0.084(4) 

0.059(3) 

0.068(3) 

-0.036(3) 

-0.002(3) 

-0.045(4) 

-0.070(5) 

-0.066(5) 

-0.020(4) 

-0.010(3) 

-0.007(2) 

-0.025(3) 

-0.031(4) 

-0.010(3) 

-0.008(3) 

-0.007(2) 

0.019(3) 

0.018(3) 

0.033(3) 

0.007(3) 

0.015(3) 

0.020(4) 

0.022(4) 

0.086(5) 

-0.016(4) 

0.021(4) 

0.007(2) 

0.002(2) 

0.011(3) 

0.021(3) 

0.018(3) 

-0.001(2) 

0.003(2) 

0.002(2) 

0.000(3) 

0.001(3) 

0.003(3) 

-0.001(2) 

-0.010(2) 

-0.021(3) 

-0.040(4) 

-0.035(4) 

-0.036(4) 

-0.020(3) 
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Table  A-35:  Fractional  coordinates  and  isotropic  thermal  parameters  (A^)  for  the  H  atoms 

of  complex  6-24. 


Atom 


U 


HI 

0.275(4) 

0.053(4) 

0.300(2) 

0.049(12) 

H3a 

0.08184 

0.08693 

0.45463 

0.08 

H3b 

0.04657 

-0.00192 

0.41769 

0.08 

H3c 

-0.05759 

0.14181 

0.43042 

0.08 

H4a 

-0.07877 

0.19552 

0.28712 

0.08 

H4b 

0.02755 

0.05326 

0.27286 

0.08 

H4c 

0.04783 

0.17685 

0.22726 

0.08 

H6 

-0.0565 

0.43078 

0.47975 

0.08 

H7 

-0.28091 

0.44796 

0.52467 

0.08 

H8 

-0.42064 

0.46723 

0.45141 

0.08 

H9 

-0.34219 

0.47546 

0.3344 

0.08 

HIO 

-0.12239 

0.45611 

0.28902 

0.08 

H12 

-0.06114 

0.66155 

0.37664 

0.08 

H13 

0.00821 

0.83587 

0.36301 

0.08 

H14 

0.23483 

0.80593 

0.32355 

0.08 

H15 

0.39667 

0.59465 

0.30008 

0.08 

H16 

0.3286 

0.41802 

0.31462 

0.08 

H22a 

0.72203 

0.10949 

0.26834 

0.08 

H22b 

0.70538 

0.00396 

0.23455 

0.08 

H22c 

0.78026 

-0.03984 

0.29723 

0.08 

H23a 

0.65356 

-0.19525 

0.29134 

0.08 

H23b 

0.51365 

-0.20907 

0.3202 

0.08 

H23c 

0.61832 

-0.24893 

0.36878 

0.08 

H24a 

0.27564 

-0.04206 

0.48887 

0.08 

H24b 

0.41248 

-0.16498 

0.4767 

0.08 

H24c 

0.30779 

-0.125820 

0.42821 

0.08 

H25a 

0.31439 

0.28187 

0.46992 

0.08 

H25b 

0.32893 

0.15019 

0.51822 

0.08 

H25c 

0.21328 

0.21384 

0.47485 

0.08 

H26a 

0.47805 

0.32125 

0.40124 

0.08 

H26b 

0.56175 

0.3049 

0.32576 

0.08 

H26c 

0.6291 

0.22036 

0.38853 

0.08 

H27 

0.16433 

0.2856 

0.19522 

0.08 

H28a 

0.22366 

0.45888 

0.21121 

0.08 

H28b 

0.27054 

0.47975 

0.131 

0.08 

H29a 

0.05581 

0.63816 

0.16097 

0.08 

H29b 

0.00105 

0.52888 

0.19893 

0.08 

H30a 

0.08298 

0.57311 

0.05591 

0.08 

H30b 

-0.06526 

0.59296 

0.09456 

0.08 

H31a 

-0.00541 

0.37216 

0.12155 

0.08 

H31b 

0.04171 

0.39847 

0.0417 

0.08 

H32a 

0.21155 

0.21866 

0.08943 

0.08 

H32b 

0.26332 

0.33183 

0.05579 

0.08 

H33 

0.60455 

0.16634 

0.15642 

0.08 

H34a 

0.52564 

0.33087 

0.23014 

0.08 

H34b 

0.45794 

0.43548 

0.17223 

0.08 

H35a 

0.73932 

0.29297 

0.16157 

0.08 
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Table  A-35  Continued 


Atom 


U 


H35b 

0.66571 

0.44379 

0.17082 

0.08 

H36a 

0.76818 

0.41159 

0.05527 

0.08 

H36b 

0.61089 

0.48884 

0.06288 

0.08 

H37a 

0.67623 

0.32965 

-0.00961 

0.08 

H37b 

0.74847 

0.22005 

0.04535 

0.08 

H38a 

0.46595 

0.35919 

0.05966 

0.08 

H38b 

0.54205 

0.2089 

0.04944 

0.08 

H39 

0.42592 

0.08741 

0.09412 

0.08 

H40a 

0.63845 

-0.00559 

0.1193 

0.08 

H40b 

0.59076 

-0.0914 

0.18359 

0.08 

H41a 

0.70174 

-0.22304 

0.09282 

0.08 

H41b 

0.60515 

-0.11972 

0.04485 

0.08 

H42a 

0.52612 

-0.27625 

0.15986 

0.08 

H42b 

0.53402 

-0.29103 

0.08288 

0.08 

H43a 

0.3578 

-0.09205 

0.07304 

0.08 

H43b 

0.31174 

-0.17977 

0.13686 

0.08 

H44a 

0.34479 

-0.06657 

0.21169 

0.08 

H44b 

0.24567 

0.03621 

0.16473 

0.08 

*  Relevant  expressions  are  as  follows,  where  in  the  footnote  Fq  and  Fc  represent, 
respectively,  the  observed  and  calculated  structure-factor  amplitudes. 

Function  minimized  was  w(IFol  -  IFcO^,  where  w=  (o(F))'^ 

R  =  I(IIFol-IFcll)/ZlFol 

wR  =  [Zw(IFol-IFcl)2/IIFo|2]l/2 

S  =  [Iw(IFol-IFcl)2/(m-n)]l/2 


2For  anisotropic  atoms,  the  U  value  is  Ugq,  calculated  as  Ugq  =  1/3  ZiZj  Ujj  aj*  aj*  Ajj 
where  Ajj  is  the  dot  product  of  the  i^  and  j^  direct  space  unit  cell  vectors. 


b  Uij  are  the  mean- square  amplitudes  of  vibration  in  A^  from  the  general  temperature  factor 
expression  exp[-27t2(h2a*2ui  1  +  k2b*2u22  +  l2c*2u33  +  2hka*b*U12  -i-  2hla*c*U13  -i- 
2klb*c*U23)] 


APPENDIX  B 

STEREOVIEWS  OF  CRYSTAL  STRUCTURES 


Pd 


2-12 


Pt 


3-14 


Figure  B-1.  Stereoview  drawings  of  2-12,  3-10,  3-14. 
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Figure  B-2.  Stereoview  drawings  of  3-23,  4-5,  4-10. 
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Ph— C 


6-24 


Figure  B-3.  Stereoview  drawing  of  6-24. 
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